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INTRODUCTION 


GENERAL 

This handbook is a reference guide for the interface and peripheral 
hardware options that can be installed on the LSI-11 bus. It includes 
descriptions, specifications, configuration information, programming 
information as applicable to the options, and functional theory. Be¬ 
cause the hardware options described in this handbook are designed 
to interface with a processor via the LSI-11 bus, the user should be 
familiar with the contents of the appropriate processor handbook. 

The handbook is organized into two parts. Part 1 contains general 
information about microcomputer interfaces; Part 2 contains descrip¬ 
tion of the interface options in alphanumeric sequence. 

Digital Equipment Corporation designs and manufactures the options 
described in this handbook. The general design criterion was to pro¬ 
vide maximum system throughput for options when installed on the 
LSI-11 bus. LSI-11 bus-compatible processors, interfaces, and peri¬ 
pherals are designed to work together, providing a broad spectrum of 
system-compatible hardware options. The memory and peripheral 
devices can be used with various LSI-11 bus configuration; the system 
can later be expanded or modified to meet new system requirements. 
This hardware flexibility, when coupled with DIGITAL software and 
support, provides a single source for all present and future microcom¬ 
puter processing needs. 

LSI-11 FAMILY CHARACTERISTICS 

LSI-11 bus systems include various processors, memory and peri¬ 
pheral device options, and software. Some of the characteristics of the 
LSI-11 bus systems are: 

• Low-cost powerful components for integration into any small- or 
medium-sized computer system. 

• Direct addressing of all memory locations and peripheral device 
registers. 

• Efficient processing of 8-bit bytes (characters) without the need to 
rotate, swap, or mask. 

• Asynchronous bus operation that allows system components to run 
at their highest possible speed; replacement with faster devices 
means faster operation without other hardware or software 
changes. 

• A module component design that provides ease and flexibility in 
configuring systems. 
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INTRODUCTION 

• Inherent direct memory access capabilities for high data rate de¬ 
vices. 

• A bus structure that provides position-dependent priority for peri¬ 
pheral device interfaces connected to the I/O bus. 

• Vectored interrupts that allow service routine entry without device 
polling. 

Processors 

The processor is connected to the LSI-11 bus (backplane) as a sub¬ 
system that executes programs and arbitrates usage of the LSI-11 bus 
for peripherals. It contains multiple, high-speed, general-purpose reg¬ 
isters that can be used as accumulators, address pointers, index 
registers, and other specialized functions. The processor can perform 
data trarisfers directly between peripheral input/output (I/O) devices 
and memory without disturbing the processor registers. Data transfers 
include both 16-bit word and 8-bit byte data. 

LSI-11 Bus . 

System components, including the processor, memory, and peripher¬ 
als, are interconnected and communicate with each other via the LSI- 
11 bus. The form of communication is the same for all devices on the 
bus; instructions that communicate with memory can communicate 
with peripheral devices. Each device, including memory locations and 
peripheral device registers, is assigned an individual byte or word 
address on the LSI-11 bus. 

The LSI-11 bus supports 18-bit addresses. However, processors and 
peripherals having a 16-bit addressing capability are completely PDP- 
11 hardware- and software-compatible within the 16-bit limitation. By 
PDP-11 convention, all peripheral device addresses are located within 
the upper 4K address space in the system, whether 16-bit or 18-bit 
addresses are used. This 4K address space is called the I/O page or 
“bank?.” 

Whenever the I/O page is addressed, the processor must assert the 
BBS? L bus signal. All peripheral devices use this signal line during 
addressing rather than decoding address bits <15:13> or <1?;13>. 
An active (asserted) BBS? L signal will always indicate an address in 
the I/O page, enabling peripheral device addressing. 

Peripheral device addresses within the I/O page are decoded by each 
peripheral device. Each peripheral device will include one or more 
“device register(s).” These registers can be accessed under program 
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control in exactly the same manner as memory locations. Unique ad¬ 
dresses within the I/O page are encoded on address bits <12:00>. 

NOTE 

Address bits, for the purpose of this discussion, are 
logical states present on LSI-11 bus signal lines 
BDAL <17;00> L during the addressing portion of a 
bus cycie. 

Refer to the appropriate processor handbook for a complete descrip¬ 
tion of bus transactions, including bus cycles, addressing, etc. 

Device Registers 

All peripheral devices are defined by one or more device registers that 
are addressed as part of the main memory. These registers are gener- 
aliy designated control and status registers. 

Control and status registers (CSRs) contain all the necessary informa¬ 
tion to estabiish communications with the device. Some devices will 
require fewer than 16 status bits, while other devices could require 
more than 16 bits and therefore wiil require additional registers. The 
bits of the CSR have predetermined assigned functions. Typical bit 
functions include interrupt enable, error, done or ready, and enabled. 

Data buffer registers (DBRs) are for temporarily storing data to be 
transferred into and out of the processor. The number and type of data 
registers is a function of the individuai peripheral device require¬ 
ments. 

Interrupts 

Interrupts allow devices to obtain processor service when they are 
“ready” for service, or “done” with a specific operation. The interrupt 
structure allows the processor to execute other programs while one or 
more peripherals are “busy.” When a peripheral requires service it 
requests an interrupt. The processor completes execution of the 
present instruction, saves PC and PS words on the stack, and ac¬ 
knowledges the interrupt. The highest priority peripheral device cur¬ 
rently requesting interrupt service responds by inputting its interrupt 
vector address to the processor. The processor uses this vector ad¬ 
dress as a pointer to two memory locations containing the PC (starting 
address) and PS for the peripheral device interrupt service routine. 
Program control is transferred from the interrupted program to the 
routine associated with the requesting peripheral device. Note that no 
device poliing is required, since the interrupt vector is unique for that 
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device. Once the device service routine execution has been complet¬ 
ed, control Is returned either to the previously Interrupted program or 
to another peripheral device requesting interrupt service. 

Memory Address 

Memory addresses are generally limited to the address space other 
than the I/O page. However, the I/O page can contain read-only 
memory (ROM) for disk bootstraps, paper tape loaders, diagnostics, 
etc. or read/write memory for DMA buffers. The system designer must 
use care in assigning memory addresses within the I/O page to avoid 
conflicts with peripheral device addresses used for actual system 
hardware, or addresses that system software may attempt to access 
for peripheral devices not actually installed in the system. See Appen¬ 
dix A for the standard assignments of the addresses in the I/O page. 

SPECIFICATIONS 

All the LSI-11 bus modules will operate under the following conditions: 

Temperature 5® to 60® C (41 ® to 140® F) 

Humidity 10 to 95®/o (no condensation) 

When operating at the maximum outlet temperature (60® C or 140® F), 
adequate air flow must be maintained to control the inlet to outlet 
temperature rise across the modules to 5® C (9® F) maximum. The air 
flow should be directed to flow across the modules. 

All the individual module specifications are included in the detailed 
descriptions of the peripheral or option. A summary of the module 
characteristics Is provided in Table 2; these characteristics are de¬ 
fined as follows: 

1. The option designation is the alphanumerical code assigned to 
the option. 

2. The module number Is the number assigned to the interface mod¬ 
ules that are connected to the LSI-11 bus. This number is printed 
on the module handle and can be used as a quick reference to 
determine what specific options are installed in any system. The 
module numbers are listed numerically in Table 3 so that the user 
can identify the options installed by using the module numbers. 

3. The module description identifies the category of the option. 

4. The power requirements specify the power by the option when 
connected to the bus backplane. These requirements are used to 
determine the total power supply loading within a single system. 
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5. The bus loads for ac and dc loading are provided so that the user 
can calculate the total ac and dc loading for any system. 

6. The interface modules are standarized as either a double or a 
quad and all are extended length. The double size moduie is 13.2 
cm (5.2 in.) high, 22.8 cm (8.9 in.) long, and 1.27 cm (0.5 in.) wide. 
The quad size module is 26.5 cm (10.5 in.) high, 22.8 cm (8.9 in.) 
long, and 1.27 cm (0.5 in.) wide (Figure 1). 

DESCRIPTION OF OPTION CATEGORIES 

The LSI-11 bus peripherals and options are ciassified into generai 
categories that pertain to their performance and function. This iisting 
indicates the wide span of equipment capability available to the user 

Interface Options 


AAV11-A 


ADV11-A 


The AAV11-A is a 4-channei, 12-bit digital-to-analog 
converter module that includes control and interfac¬ 
ing circuits. It has four D/A converters, a dc-dc 
converter that provides power to the analog circuits, 
and a precision voitage reference. Each channei has 
its own holding register that can be addressed sepa- 
rateiyand provides 12 bits of resoiution. BitsO, 1,2, 
and 3 of the fourth holding register are brought out 
to the I/O connector so that they can be used as a 4- 
bit digital output register. 

The ADV11-A is a 12-bit successive approximation 
analog-to-digital converter that sampies analog data 
at specified rates and stores the digital equivalent 
value for processing. The muitiplexer can accommo¬ 
date up to 16 single-ended or 8 quasi-differential 
inputs. The converter uses a patented auto-zeroing 
design that measures the sampled data with respect 
to its own offset and therefore cancels out its own 
offset error. 

External event inputs can originate at the user’s 
equipment or from the Schmitt trigger output of the 
KWV11-A clock. Three reference signals are provid¬ 
ed for seif-testing any channel input. These signais 
consist of two dc levels and one bipolar triangular 
waveform. This output can be used with DIGITAL 
diagnostic software to produce a data base for ex¬ 
tremely precise anaiog linearity testing. 
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DRV11 


DRV11-B 


DRV11-J 


DRV11-P 


The DRV11 is a parallel interface module that is used 
to interconnect the LSI-11 bus with general-purpose, 
parallel line TTL or DTL devices. It allows program- 
controlled data transfers at rates up to 40K words 
per second and uses LSI-11 bus interface and con¬ 
trol logic to generate interrupts and process vector 
handling. The data are handled by 16 diode- 
clamped input lines and 16 latched output lines. 

There are two 40-pin connectors on the module for 
user interface applications. 

The DRV11-B is an interface module that uses direct 
memory access (DMA) to transfer data directly 
between the system memory and an I/O device. The 
interface is programmed by the processor to move 
variable length blocks of 8- or 16-bit data words to or 
from specified locations in the system memory. 

Once programmed, there is no processor interven¬ 
tion required. The module can transfer up to 250K 
16-bit words per second in the single-cycle mode 
and up to 500K 16-bit words per second in the burst 
mode. It also allows read-modify-restore operations. 

Sixty-four input/output data lines are now available 
on a double-height module for the LSI-11/2, LSI- 
11 /23, PDP-11 /03, and PDP-11 /23. The DRV11 -J al¬ 
so includes an advanced interrupt structure with bit 
interruptability up to 16 lines, programmable inter¬ 
rupt vectors, and program selection of fixed or rotat¬ 
ing interrupt priority within the DRV11-J. The 
DRV11 -J’s bit interrupts for real-time response 
make it especially useful for sensor I/O applications. 
It can also be used as a general-purpose interface to 
custom devices, and two DRV11-Js can be connect¬ 
ed back-to-back as a link between two LSI-11 buses. 

The DRV11-P is a foundation wire-wrap interface 
module with a 40-pin I/O connector. Approximately 
25 percent of the module is occupied by bus trans¬ 
ceivers, interrupt vector generation logic, device 
comparator logic, protocol logic, and interrupt logic. 
The remaining 75 percent is for user applications: 
this portion has plated-through holes for securing 
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ICs and wire-wrap pins for interconnecting the user’s 
curcuits. The plated-through hoies can accept 6-, 8-, 
14-, 18-, 20-, 22-, 24-, and 40-pin duai-in-line 
integrated circuits or discrete components. 

IBV11-A The iBV11-A is an interface module that intercon¬ 

nects the LSI-11 bus with the instrument bus de¬ 
scribed in IEEE standard 488 1975, “Digital Interface 
for Programmable Instrumentation.” The iBVI 1-A 
makes a processor-controlled programmable in¬ 
strument system possible. The module can accom¬ 
modate up to 15 IEEE-488 devices and is PDP-11 
software-corn pati ble. 

KWVI 1-A The KWV11-A is a programmable real-time 

ciock/counter that provides a means of determining 
time intervals or counting events. It can be used to 
generate interrupts to the processor at predeter¬ 
mined intervals or establish timing between input 
and output events, it can also initialize the ADV11-A 
analog-to-digital converter by a ciock counter over¬ 
sow or by firing a Schmitt trigger. The ciock counter 
has a resoiution of 16 bits and can be driven by any 
one of five crystai-controiied frequencies (100 Hz to 
1 MHz), from a iine frequency input, or from a 
Schmitt trigger fired by an external input. The mod- 
uie can operate in any of four programmabie modes: 
single interval, repeated interval, external event tim¬ 
ing, and externai event timing from zero base. 

Communications Options 

DLV11 The DLV11 is a seriai iine unit (SLU) that interfaces 

with asynchronous seriai I/O devices. The module 
has jumper-selectable baud rates (50-9600) and se¬ 
rial word format that includes the number of stop 
bits, number of data bits, and even, odd, or no parity 
bit. The DLV11 can support 20 mA current ioop in¬ 
terfaces or EiA “data leads only” interfaces. 

DLV11-E The DLV11-E is an asynchronous iine interface 

moduie that interconnects the LSi-11 bus to stan¬ 
dard seriai communications iines. The module re¬ 
ceives seriai data, converts it to parailei data, and 
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DLV11-F 


DLV11-J 


DUV11 


transfers it to the LSI-11 bus. Also, it accepts parallel 
data from the LSI-11 bus, converts it to serial data, 
and transmits it to the peripheral device. The module 
has jumper-selectable or software-selectable baud 
rates (50-19,200), and jumper-selectable data bit 
formats. The DLV11-E offers full modem control for 
EIA/CCITT Interfaces. 

The DLV11-F is an asynchronous line interface mod¬ 
ule that interconnects the LSI-11 bus to several types 
of standard serial communications lines. The mod¬ 
ule receives serial data, converts it to parallel data, 
and transfers It to the LSI-11 bus. It also accepts 
parallel data from the LSI-11 bus, converts it to serial 
data, and transmits It to the peripheral device. The 
module has jumper-selectable or software-selecta¬ 
ble baud rates (50-19,200) and jumper-selectable 
data bits. The DLV11-F supports either 20 mA cur¬ 
rent loop or EIA standard lines, but does not include 
modem control. 

The DLV11 -J contains four independent asynchro¬ 
nous serial line channels used to interface peripheral 
devices to the LSI-11 bus. Each channel transmits 
and receives data from the peripheral device over 
EIA data leads (lines that do not use a control line). 
The module can be used with 20 mA current loop 
devices If a DLV11-KA adapter is used. The DLV11-J 
has jumper-selectable baud rates from 150 to 39.4 K 
baud. 

The DUV11 synchronous line interface module esta¬ 
blishes a data communication line between the LSI- 
11 bus and a Bell 201 synchronous modem or equi¬ 
valent. The module is fully programmable with 
respect to sync characters, character length (to to 8 
bits), and parity selection. The receiver logic accepts 
serial data for the LSI-11 bus. The transmitter logic 
converts the parallel LSI-11 bus data into serial data 
for the transmission line. The interface logic converts 
the TTL logic levels to the EIA voltage levels required 
by the Bell 201 modems and also controls the mo¬ 
dem for half-duplex or full-duplex operation. 
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The DZV11 is an asynchronous multiplexer interface 
module that interconnects the LSI-11 bus with up to 
four asynchronous serial data communications 
channels. The module provides EIA interface voltage 
levels and data set control to permit dial-up (auto¬ 
answer) options with full-duplex modems such as 
Bell models 103,113, 212, or equivalent. The DZV11 
does not support half-duplex operations or the se¬ 
condary transmit and receive operations available in 
some modems such as Bell 202. The DZV11 has ap¬ 
plications in data concentration and collection sys¬ 
tems where front-end systems interface to a host 
computer and for use in a cluster controller for ter¬ 
minal applications. 


Expansion Memories (For detaiied memory descriptions, 
see the Microcomputer Processor Handbook) 

MMV11-A TheMMV11-Aisa4K X 16-bit core memory option 
that provides nonvolatile read/write storage. The 
memory can be configured by bank addressing 
switches. The module is limited to LSI-11 bus back¬ 
planes that contain the LSI-11 bus in both the A/B 
bus and the C/D slots. 


MRV11-AA The MRV11-AA is a read-only memory module on 
which the user can instali fusibie link, program¬ 
mable, read-only memory (PROM) chips or masked 
read-only memory (ROM) chips. The user selects the 
address space of the memory by configuring remov¬ 
able jumper wires. 

MRV11-BA The MRV11-BA is a read-only memory module that 
uses ultraviolet (UV) erasable, programmable, read¬ 
only memory (EPROM) integrated circuits. The mod¬ 
ule also contains a 256 X 16-bit random access 
memory (RAM) that can be used as a “scratchpad” 
or “stack” by the system software. 

MRV11-C The MRV11-C is a flexible, high-density ROM mod¬ 

ule used with the LSI-11 bus. The module contains 
sixteen 24-pin sockets which accept a variety of 
user-supplied ROM chips. It will accept masked 
ROMS, fusible link PROMs, and ultraviolet erasable 
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PROMs. It accepts several densities of ROM chips 
up to and inciuding 4K X 8 chips. Using these high- 
density chips gives the module a total capacity of 
64K bytes. The contents of the module can be ac¬ 
cessed In one of two ways—either directly or win¬ 
dow-mapped. Direct access provides total random 
access to all ROM locations on the module. Window¬ 
mapping provides two 2K-byte windows in memory 
address space to access 2K-byte segments of the 
ROM array. The segments that are viewed through 
each window can be varied under program control. 

MSV11-B The MSV11-B is a 4K X 16-bit dynamic MOS 

read/write memory module. The user can select the 
memory addresses of the module by configuring re¬ 
movable jumpers. The memory refresh must be con¬ 
trolled by external bus signals. 

MSV11-CD The MSV11-CD is a 16K X 16-blt dynamic MOS 

read/write memory module. Refresh is automatically 
performed by the module but It can be disabled if the 
user wishes to use the LSI-11 bus refresh signals. 
This memory module can be configured to operate 
in the battery backup mode. The user can configure 
the memory addresses by selecting switch settings. 

MSV11-D,-E The MSV 11 -D module has either 8K, 16K, or32K X 
16 bits of MOS memory. The MSV11-E is the same 
as the MSVI1-D except that it has an 18-bit word 
that generates and detects byte parity for each word. 
The modules have an on-board memory refresh and 
perform the necessary LSI-11 bus cycles. The mem¬ 
ory addressing is selectable by the user by configur¬ 
ing switch settings. The module can use a battery 
backup system to preserve data when primary 
power Is lost. 

MXV11-A The MXV11-A is a dual height multifunction option 

module for the LSI-11. LSI-11 /2 or LSI-11 /23. It con¬ 
tains a read/write memory, provisions for read-only 
memory, two asynchronous serial line interfaces and 
a 60 Hz clock signal derived from a crystal oscillator. 
Read/write memory is supplied with either 8K or 32K 
bytes (4K or 16K words). Two 24-pin sockets are 
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Peripherals 

LAV11 


LPV11 


provided for +5 V read-only memories. 1K X 8, 2K X 
8, or 4K X 8 ROMS may be used. The sockets may 
also be used for 256 words of bootstrap code. The 
two asynchronous serial lines transmit and receive 
EIA-423 signal levels from 150 baud to 38.4K baud. 
20 mA active or passive current loop operation at 
110 baud may be obtained with the DLV11-KA El A to 
20 mA converter option. The serial lines will not sup¬ 
port the reader run function of the DLV11 -KA option. 
The serial lines provide error Indicator bits for over¬ 
run error, frame error, and parity error, but do not 
have modem controls. Serial line 1 may be config¬ 
ured to respond to a break signal. The serial lines 
have signal level Interrupt logic and should be 
placed after multi-level devices on an LSI-11/23 sys¬ 
tem. Serial line 1 may be used as a console port, or, 
along with serial line 0, may be used with any of 
several standard types of serial communication de¬ 
vices. The 60 Hz clock signal can be selected by a 
wirewrap jumper to provide line-time clock Inter¬ 
rupts on the bus. 


The LAV11 option consists of an LAI 80 DECprInter, 
an Interface module, and a BC11S-25 Interface ca¬ 
ble. The Interface module provides Interconnection 
between the LAI 80 DECprInter and the LSI-11 bus. 
The module outputs ASCII characters to the printer 
and monitors various printer operations that require 
operator control. 

The LPV11 printer option consists of an Interface 
module, an Interface cable, and either an LP05 or 
LA180 line printer. Jhe Interface module provides 
programmed control of data transfers and provides 
printer strobe signals appropriate for either printer. 
The LAI 80 DECprInter Is a high-speed printer that 
prints 180 characters per second and the LP05 
printer can print 240 or 300 lines per minute, de¬ 
pending on which model Is selected. 
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RKV11-D 


RLV11 


RXV11 


RXV21 


The RKV11-D option consists of an RK05 disk drive 
controller, an LSI-11 bus Interface module, and an 
RK05J disk drive. The RK05 disk drive controller can 
be used with up to eight RK05J disk drive units to 
form a mass memory storage system that contains 
up to 21M bytes of storage. The RKV11-D system is 
block-oriented but is capable of transferring from 1 
to 2^® consecutive data words without reinitiation or 
processor intervention. The data transfers occur 
from the RKV11-D to the system memory by direct 
memory access (DMA) and operate at maximum bus 
bandwidth. The system can use either RK05J or 
RK05F disk drives and the controller can be mount¬ 
ed in a standard 48.3 cm (19 in.) cabinet. 

The RLV11 option interfaces the LSI-11 bus with an 
RL01 disk drive controller and an RL01 disk drive 
assembly. The controller can only be used in an 
H9273-A type backplane which Incorporates an LSI- 
11 bus in slots A and B, with an interboard bus in 
slots C and D. The controller can interface up to four 
RL01 disk drives for a complete system of 21M bytes 
of storage. The RL01 disk drive is a random access, 
mass storage system that stores data in fixed length 
blocks on a preformatted disk cartridge. Each drive 
can store up to 5.24 million bytes and the complete 
system can store up to 21 million bytes. The RLV11 
transfers data using direct memory access (DMA) 
techniques; this allows data transfers without proc¬ 
essor intervention and at buslbandwidth speed. 

The RXV11 option consists df an interface module, 
cable assembly, and either a single or dual drive 
RX01 floppy disk. This option is a random access 
mass storage device that stores data in fixed-length 
blocks on a preformatted flexible diskette. Each 
diskette can store and retrieve up to 256K, 8-bit 
bytes of data. The RXV11 system is rack mountable 
in the standard 48.3 cm (19 in.) cabinet. 

The RXV21 floppy disk option is a random access 
mass memory device that stores data in fixed-length 
blocks on a preformatted, flexible diskette. Each 
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TU58 


VK170 


diskette can store and retrieve up to 512K 8-bit bytes 
of data. The RXV21 system is rack-mountable and 
consists of an interface module, an Interface cable, 
and either a single or dual RX02 floppy disk drive. 
The Interface module converts the RX02 I/O bus to 
the LSI-11 bus structure. It controls the RX02 inter¬ 
rupts to the processor, decodes device addresses 
for register selection, and handles the data inter¬ 
change between the RX02 and the processor via 
DMA transfers. Power for the interface module Is 
supplied by the LSI-11 bus. 

The TU58 Is a low-cost intelligent mass memory de¬ 
vice that offers random access to block-formatted 
data on pocket-size cartridge media. It is ideal as a 
small computer systems device, as Inexpensive ar¬ 
chive mass storage, or as a software update distribu¬ 
tion medium. A dual drive TLI58 offers 512 Kb of 
storage space, making it one of the lowest cost com¬ 
plete mass storage subsystems available. For 
mounting flexibility, the TU58 is offered both as a 
component level subsystem and as a fully powered 
5 V 2 " rack-mount subsystem. 

CA The VK170 module forms an Integral part of a termi¬ 
nal. The module accepts serial ASCII encoded data 
to be stored in a refresh memory to generate a dis¬ 
play for a video monitor. The VK170 also accepts 
parallel data from a keyboard (on strobe demand) to 
generate serial ASCII output. The VK170 is an ex¬ 
tended-length, double-height, single-width board. 
Mounting holes are provided for stand-off mounting 
via handle rivets and two holes located near the 
module fingers. 
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Backplanes 

The four backplane options available for the LSI-11 bus are presented 
in the follo\«ing paragraphs. 

H9270 A 4 X 4 (four rows of four slots each) backplane with 


H9273-A 

card guide assembly. LSI-11 bus In rows A-B and C- 
D. Accepts 8 double-height modules or 4 quad- 
height modules or combinations of both. 

A 9 X 4 (nine rows of four slots each) backplane with 
card guide assembly. LSI-11 bus In rows A-B only. 
Special interconnect bus In rows C-D.A ccepts dou¬ 
ble-height or quad-height modules. 

H9281 

A 2-slot backplane available In 4-, 8-, or 12-slot op¬ 
tions. Accepts double-height modules only. 

DDV11-B 

A 9 X 6 (nine rows of six slots each) backplane. LSI- 
11 bus in rows A-B and C-D. Rows E-F are unbussed 
except for +5V and ground. Accepts 18 double¬ 
height or 9 quad-height modules or combinations of 
both. 

Enclosures 

H909-C 

A 13.3 cm (5.25 in.) high, 48.3 cm (19 in.) wide enclo¬ 
sure which can be mounted in a 48.3 cm (19 in.) rack 
or as a stand-alone. Accommodates the DDV11-B 
backplane or a 9 x 6 system mounting unit or 
houses non-standard mounting arrangement. In¬ 
cludes cooling fan, cord guide, cable restraints, front 
bezel, and connector block. 

BA11-M 

A 8.9 cm (3.5 In.) high , 48.3 cm (19 In.) wide expan¬ 
sion box which can be mounted In 48.3 cm (19 in.) 
rack. Includes H9270 backplane, H780 power sup¬ 
ply, blank front panel or bezel, and cooling fan. 

BA11-N 

A 13.2 cm (5.19 In.) high, 48.3 cm (19 In.) wide 
mounting box which can be mounted In a 48.3 cm 
(19 In.) rack. Includes H9273-A backplane, H786 
power supply, H403-A ac Input panel, blank front 
panel or bezel, and cooling fan. 
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BA11-VA The BA11-VA is a small form-factor package provid¬ 

ing mounting space and power for four LSI-11 /2 or 
LSI-11/23 family modules. This package, plus the 
high functionality of DIGITAL’S microcomputer prod¬ 
ucts, allows LSI-11 microcomputer applications to 
be implemented within a space smaller than that re¬ 
quired for many 8-bit systems. 

Cabinets 

H984-B A low-profile cabinet with four casters. Provides 

mounting space for standard 48.3 cm (19 In.) panels 
and enclosures in rack at front or rear. Includes dis¬ 
tribution panel (115 Vac, 230 Vac) 

H9800-A A low-profile system desk with casters. Provides 

mounting space for standard 48.3 cm (19 in.) panels 
and enclosures. Includes distribution panel (115 
Vac, 230 Vac) 


Provides +5V ±4%, 18 A (max) and -I-12V ± 3%, 3.5 
A (max) at 110 Vac and features line-time clock, and 
power-fall/automatic restart. Available primary 
power of 115 or 230 Vac and with or without master 
and slave console. 

Cables and Connectors 

Various preassembled cables In different lengths are 
available for use with Interface and communications 
options. See Appendix C for commonly used cables. 

Wire-Wrappable Modules 

W9500 Series: LSI-11 Bus-Compatible WIre-Wrappable Modules 
(W9511, W9512, W9514 AND W9515) - The LSI-11 bus-compatible 
wire-wrappable modules consist of quad-height and double-height 
modules. Two LSI-11 bus-compatible modules are available without 
DIP sockets. 

W9511 Quad-height, extended-length, single-width 

module with extractor handle. No DIP sock¬ 
ets included. One 40-pin male cable con¬ 
nector premounted on board and space for 
additional 40-pin connector provided. 


Power Supplies 

H780 
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W9514 

Power and ground connections are 

V—AA2, BA2, CA2, DA2 

GND—AT1, BT1, CT1. DT1, AC2, BC2, CC2, 
DC2 

Same as W9511 except with 58 pre-mount- 
ed DIP sockets. 

Power and ground connections are the 
same as W9511 

W9512 

Double-height, extended-length, single¬ 
width module with Flip-Chip handle. No DIP 
sockets included. One 40-pln male connec¬ 
tor premounted on board. 

Power and ground connections are 

GND—AT1, BT1,AC2, BC2 

W9515 

Same as W9512 except with 25 pre-mount- 
ed DIP sockets. 

Power and ground connections are the 
same as W9512 


Integrated Circuits 

DCK11 -AA, - The DCK11 -AA and -AC CHIPKITs provide the logic 


AC 

necessary for a program transfer interface to the 
LSI-11 bus. The DCK11 -AA kit contains one DC003 
Interrupt Chip, one DC004 Protocol Chip, and four 
DC005 Transceiver/Address Decoder/Vector Select 
Chips. The DCK11 -AC kit contains previous chips 
plus one W9512 double-height, extended length, 
high-density wire-wrappable module and one 
BC07D-10 ten-foot, 40-connector plug-in cable. 

DCK11-AB,- 

AD 

The DCK11-AB and -AD CHIPKITs provide the logic 
necessary for a Direct Memory Access (DMA) inter¬ 
face to the LSI-11 bus. The DCK11-AB. The DCK11 - 
AB kit contains one DC003 Interrupt Chip, one 
DC004 Protocol Chip, four DC005 Transceiv¬ 
er/Address Decoder/Vecfor Select Chips, two 
DC006 Word Count/Bus Address Chips, and one 
DC010 DMA Control Chip. The DCK11-AD kit con¬ 
tains the previous chips plus one W9512 double¬ 
height, extended-length, high-density wire-wrappa- 
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ble module and one BC07D-10 ten-foot, 40-connec- 
tor plug-in cable. DMA applications use the same 
chips as program control interfaces, plus two 
DC006S for word or byte address counters and a 
DC010 DMA bus control IC. 

Miscellaneous Options 

BDV11 The BDV11 module has 2K words of read-only mem 


kpvii-a,-b, 

-c 

ory (ROM) that contains diagnostic and bootstrap 
programs. These programs are user-selectable by 
setting dip switches. The diagnostic programs will 
test the processor, the memory, and the user’s con¬ 
sole. The bootstrap programs can boot most LSI-11 
peripheral devices. The module also has 120-ohm 
bus terminator circuits. 

The user can add up to 16K of read-only memory 
(ROM) and up to 2K words of erasable program¬ 
mable ROM (EPROM) on the module. This 18K 
words of additional memory can be used with no 
increase in the amount of I/O address space. 

The KPV11-A module generates power-up and 
power-down sequences, monitors for a power-fail 
condition, and generates the line-time clock (LTC) 
function. The KPV11-B is the same as the “A” except 
that it provides 120-ohm termination circuits. The 
KPV11-C is the same as the “A” except that it pro¬ 
vides 220-Ohm termination circuits. The module can 
be Installed on any backplane or remotely Installed 
via an optional cable. 

REV11-A, -C 

The REV11 -C module has a bootstrap ROM and 
direct memory access (DMA) refresh circuits. The 
REV11-A is identical to the REV11-C except It has 
additional 120-ohm termination circuits. 

TEV11 

The TEV11 is a bus terminator module that provides 
120-ohm bus termination circuits. 
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INTRODUCTION 


CONFIGURATION 

The LSI-11 bus permits a unified addressing structure in which con¬ 
trol/status and data registers for peripheral devices are directly ad¬ 
dressed as memory locations. All operations on these registers, such 
as transferring informaton to or from them or manipulating data within 
them, are performed by normal memory address Instructions. The use 
of memory address instructions on peripheral device registers greatly 
Increases the flexibility of Input/output communications. 

Addresses 

All the options except memories have at least one control and status 
register and may have several data registers. Each register is assigned 
an address through which the option can communicate with the proc¬ 
essor. The upper 4K of memory address space is reserved for the 
processor and external input/output (I/O) registers. The user can se¬ 
lect any address (Appendix A) in the range of 160000 through 177776 
and assign it to the option interface module. The modules are 
configured to the desired address by selecting dip switches, connect¬ 
ing or disconnecting wire-wrap pins, or Installing or removing wired 
jumpers on the module. 
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Figure 1 Module Dimensions 


































































































INTRODUCTION 


Control and Status Registers 

The general form for the control and status registers, shown in Figure 
2, does not necessarily apply to every device, but is presented as a 
guide. 


2 ^_ 12 11 10 _ 8 7 6 5 4 3 1 0 


ERRORS 



UNIT SELECT 



MEMORY 

EXTENSION 


DEVICE 

FUNCTION 


DONE 

OR 

READY 


ENABLE 


busy interrupt 

ENABLE 


MR-1455 


Figure 2 Control and Status Registers 


Many devices require less than 16 status bits. Other devices will re¬ 
quire more than 16 and therefore will require additional status and 
control registers. 

The bits in the control and status registers are generally assigned as 
described below. 

Typical Control and Status Register 
Bit: 15-12 Name: Errors 

Function: Generally there is an individual bit associated with a spe¬ 
cific error. When more bits are required for errors, they can be ob¬ 
tained by expanding the error section in the word or by using another 
status word. Generally bit 15 is the inclusive-OR of all other error bits 
(if there is more than one). Most devices will have “hard” error 
conditions which will cause an interrupt if bit 6 is set. Some may also 
have “soft” errors (warning types) which do not cause immediate inter¬ 
rupts. 

Bit: 11 Name: Busy 

Function: Set to indicate that a device operation is being performed. 
Bit: 10-8 Name: Unit Select 

Function: Some peripheral systems have more than one device per 
control. For example, a disk system can have multiple surfaces per 
control and an analog-to-digital converter can have multiple channels. 
The unit bits select the proper surface or channel. 
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Bit: 7 Name: Done or Ready 

Function: The register can contain a done bit, a ready bit or a done- 
busy pair of bits, depending on the device. These bits are set and 
cleared by the peripherai device, but may be queried by the program 
to determine the avaiiability of the device. 

Bit: 6 Name: Interrupt Enable 

Function: Set by the program to allo\Af an interrupt to occur as a 
result of a function done or error condition. 

Bit: 5-4 Name: Memory Extension 

Function: Allo\ws devices to use a full 18 bits to specify addresses on 
the bus. 

Bit: 3-1 Name: Device Function Bits 

Function: Specifies the operation that a device is to perform. 

Bit: 0 Name: Enable 

Function: Set to enable the device to perform an operation. 

Data Buffer Registers 

The data buffer register is used for temporarily storing data to be 
transferred into or out of the computer. The number and type of data 
registers is a function of the device. 

interrupts 

Interrupts are requests, made by peripheral devices, which cause the 
processor to temporarily suspend its present (background) program 
execution to service the requesting device. Each device that is capable 
of requesting an interrupt must have a user-supplied service routine 
that is automatically entered when the processor acknowledges the 
interrupt request. After completing the service routine execution, pro¬ 
gram control is returned to the interrupted program. This type of oper¬ 
ation is especially useful for the slower peripheral devices. 

A device can interrupt the processor only when interrupts are enabled 
and services interrupts only when the appropriate PSW bits are 
cleared. Device priority is highest for devices electricaliy closest to the 
processor along the bus. Any device that can interrupt the processor 
can also interrupt the service routine execution of a lower priority 
device if the processor’s priority is set during the execution: hence, 
interrupt nesting to any level is possible with this interrupt structure. 
Each device normally contains a controi/status register (CSR), which 
includes an interrupt enable bit. A program must set this bit before an 
interrupt can be generated by the device. 
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Interrupt Vectors 

An interrupt vector associated with each device is hard-wired into the 
devices’s interface/controi iogic. This vector is an address pointer that 
is transmitted to the processor duing the interrupt acknowledge se¬ 
quence, aliowing automatic entry into the service routine without de¬ 
vice polling. The user can select an interrupt vector from the range of 
000 to 777 for any interrupting options. The moduie can be configured 
to the desired interrupt vector by either seiecting dip switches, con¬ 
necting or disconnecting wire-wrap pins, or instailing or removing 
wired jumpers on the moduie. 
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AAV11-A 4-CHANNEL 12-BIT D/A CONVERTER 
GENERAL 

The AAV11-A is a 4-channel, digital-to-analog converter module that 
Includes control and interfacing circuits. It has four D/A converters, a 
dc-dc converter that provides power to the analog circuits, and a 
precision voltage reference. Each channel has Its own holding register 
that can be addressed separately and provides 12 bits of resolution. 
These registers can be written and read, using either word or byte 
format. In addition, bits 0, 1,2, and 3 of the fourth holding register are 
brought out to the I/O connector so they can be used as a 4-bit digital 
output register. 

FEATURES 

• Four 12-blt digital input channels, binary encoded for either unipolar 
mode or bipolar mode. 

• Jumper-selected output ranges and modes: 

Bipolar mode ±2.56 V, ±5.12 V, ±10.24 V 
Unipolar mode 0 to ±5.12 V, 0 to ± 10.24 V 

• One part in 4096 resolution 

• 5V/)lis slew rate 

• ±5 mA drive capability per converter 

SPECIFICATIONS 

Identification A6001 

Size Quad 

Power -H5.0 Vdc ±5% at 1.5 A 


±12.0 Vdc ±3% at 0.4 A 


Bus loads 
AC 


1.9 

1.0 


DC 

Resolution 

Number of D/A converters 
Digital input 


12-bits (binary encoded for uni¬ 
polar mode; offset binary encod¬ 
ed for bipolar mode) 


12-blts(1 part in 4096) 
4 


Digital storage 


Read/write, word or byte opera¬ 
ble, single buffered 
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Output voltage range 
(jumper selected) 

Gain accuracy 

Gain temperature coefficient 
Offset temperature coefficient 

Linearity 

Differential linearity 
Output impedance 
Drive capability 
Slewing speed 

Rise and settling time (to 0.1% of 
final value) 


±2.56 V, ±5.12 V, ±10.24 V bipo¬ 
lar, OV to ±5.12 V.O Vto ±10.24 
V unipolar 

Adjustable (factory set for bipolar 
±5.12V) 

10 PPM per °C, max. 

20 PPM of full scale range per °C, 
max. 

±V 2 LSB max, non-linearity 
±V 2 LSB, monotonIc 
1 ohm max. 

±6 mA max. per converter 
5V/mS 

4 MS (8 MS wth 5000 pF load in 
parallel with 1 kfi 


DESCRIPTION 

General 

The function of the AAV11-A module is to convert digital data input to 
an analog dc voltage output that is representative of the Input. This Is 
accomplished by the bus Interface, the control logic, and the D/A 
converter functions as shown In Figure 1. 
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Figure 1 AAV11-A Block Diagram 
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Bus Interface 

The logic associated with the bus interface section maintains proper 
communications protocol between the processor LSI-11 bus and the 
AAV11-A. This logic generates and monitors the bus signals Involved 
during data transfers between the processor and the AAV11-A, 
permitting the AAV11-A to recognize when it is being addressed by 
the processor (address defined by setting on the address switch pack) 
to accept Input data from the processor, and to output data to the 
processor. 

Control Logic 

The AAV11-A has no control/status register. The four digital-to-analog 
converters continually generate voltages at their outputs that reflect 
whatever digital values have most recently been written into their re¬ 
spective holding registers. The role of the control logic is to make the 
necessary discriminations between requests to change the state of the 
holding registers (I.e., to write into the holding registers), and requests 
to put the holding register contents onto the BD lines where they can 
be picked up through the transceivers by the processor. 

DACsO, 1,and2 

Digital-to-analog conversion functions are performed in each of the 
four AAV11-A channels by Identical circuits: 

• a holding register which stores the digital value output by the proc¬ 
essor 

• a digital-to-analog converter (DAC) proper which generates a cur¬ 
rent that is a function of the holding register value and of the 
mode/level jumper conditions 

• an amplifier that translates the current Into a proportional voltage, 
provides a low output impedance for the channel, and permits ad¬ 
justment of signal offset 

DAC 3 

DAC 3 Is identical to DACs 0,1, and 2 except that holding register bits 
0-3 are routed to the I/O connector as well as to the DAC. This ar¬ 
rangement permits these bits to be routed to external equipment that 
requires binary control signals at programmable Intervals. Control da¬ 
ta In these bit positions affects any 12-bit D/A conversion that they 
coincide with, but since they Involve the least significant bits of the 
word, the worst-case error is less than 0.5 percent. Consequently, 
DAC 3 can be used as a 12-blt DAC or as an 8-blt DAC plus four output 
bits for CRT Intensify, Store, Non-Store, Erase, etc. 
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CONFIGURATION 

General 

This section describes how the user can configure the module to func¬ 
tion within his system by setting dip switches (Figure 2) to obtain the 
desired device address. The voltage range for each D/A converter 
(DAC 0—DAC 3) can be configured independently by installing or 
removing the designated jumpers (Figure 2) associated with a specific 
D/A converter. This section also describes how to connect external 
devices to the module. The standard factory addresses for the 
registers are listed In Table 1. 

Table 1 Standard Addresses 


Register 

Mnemonic 

Address 

Holding 0 

DACO 

170440 

Holding 1 

DAC1 

170442 

Holding 2 

DAC 2 

170444 

Holding 3 

DAC 3 

170446 
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Figure 2 AAV11-A Connectors, Switches, and Jumpers 


Device Registers 

The device registers can be configured to respond to any address 
within the range 170000 to 177777. Each register address does not 
have to be individually set. The DAC 0 register address is selectable 
and the last digit will be zero. The remaining registers will use ad¬ 
dresses 17XXX2, 17XXX4, and 17XXX6 for DAC 1, DAC 2, and DAC 3 
registers, respectively. The factory-configured device address is 
170440 as shown in Figure 3. The word formats for the DAC registers 
are described in Table 2. Note that all device registers are always a 
sequence of four consecutive even locations. There is no vector used 
for this module. 

D/A Converter Range and Mode 

The range and mode (bipolar or unipolar) voltages can be selected by 
the user inserting or removing jumpers as shown In Figure 2. Four 
jumpers are associated with each D/A converter. The module Is facto- 
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ry-configured for -5.12 to +5.12 V bipolar operation. The jumper 
configuations for the bipolar mode ranges are shown in Table 3; the 
unipolar ranges are shown in Table 4. 



BDAL 

BIT 

POSITION 


LOGICAL 1 * ON MR-0855 

LOGICAL 0“ OFF 


Figure 3 Address Selection 


Table 2 DAC Word Formats 


Bit 

DACO, DAC 1, DAC 2 

DAC 3 

15-12 

Not used 

Not used 

11 

Binary 11 

Binary 11 

10 

Binary 10 

Binary 10 

9 

Binary 9 

Binary 9 

8 

Binary 8 

Binary 8 

7 

Binary 7 

Binary 7 

6 

Binary 6 

Binary 5 

5 

Binary 5 

Binary 5 

4 

Binary 4 

Binary 4 

3 

Binary 3 

Binary 3/Control 3 

2 

Binary 2 

Binary 2/Control 2 

1 

Binary 1 

Binary 1/Control 1 

0 

Binary 0 

Binary 0/Control 0 
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Table 3 Jumper Configurations for Bipolar Operation 



±2.56 V 

±5.12 V 

±10.24 V 

DAC1 

W3 

IN 

IN 

OUT 

W4 

OUT 

OUT 

IN 

W5 

IN 

OUT 

OUT 

W6 

IN 

IN 

IN 

DAC2 

W7 

IN 

IN 

OUT 

W8 

OUT 

OUT 

IN 

W9 

IN 

OUT 

OUT 

W10 

IN 

IN 

IN 

DAC3 

W11 

IN 

IN 

OUT 

W12 

OUT 

OUT 

IN 

W13 

IN 

OUT 

OUT 

W14 

IN 

IN 

IN 

DAC4 

W15 

IN 

IN 

OUT 

W16 

OUT 

OUT 

IN 

W17 

IN 

OUT 

OUT 

W18 

IN 

IN 

IN 


Nk 
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Table 4 Jumper Configurations for Unipolar Operation 



OV—h5.12V 

ov— 

DAC1 

W3 

IN 

IN 

W4 

OUT 

OUT 

W5 

IN 

OUT 

W6 

OUT 

OUT 

DAC2 

W7 

IN 

IN 

W8 

OUT 

OUT 

W9 

IN 

OUT 

W10 

OUT 

OUT 

DAC3 

W11 

IN 

IN 

W12 

OUT 

OUT 

W13 

IN 

OUT 

W14 

OUT 

OUT 

DAC4 

W15 

IN 

IN 

W16 

OUT 

OUT 

W17 

IN 

OUT 

W18 

OUT 

OUT 


J1 Output Connections 

Analog output devices such as oscilloscopes may be either grounded 
or floating. If the oscilloscope Is grounded, either through Its power 
plug or through contact between Its chassis and a grounded cabinet, 
the oscilloscope ground should not be connected to any of the AAV11 - 
A ground pins. Doing so may result In a ground loop which will ad¬ 
versely affect oscilloscope control results as well as ADV11-A opera¬ 
tion (If used). If the oscilloscope Is floating. Its ground should be con- 
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nected to the AAV11-A logic ground, J1 pins L, N, R, or T. Note that the 
foregoing assumes that the LSI-11 power suppy ground Is connected 
to power line (earth) ground. If continuity checks reveal no such 
connection, attach a length of 12-gauge wire between the power sup¬ 
ply ground and a convenient point associated with earth ground. 

Oscilloscope X and Y Inputs may be either differential or single-ended. 
Differential Inputs should be driven as In Figure 4. 


DAC 1 HQ GND 
DAC 2 HQ GND 
DAC 3 HQ GND 
-15V TEST 
+15V TEST 
DAC 0 HQ GND 



BIT 3 OUT 
BIT 2 OUT 
BIT 1 OUT 
BIT 0 OUT 
DAC 3 OUT 
DAC 2 OUT 
DAC 1 OUT 
DAC 0 OUT 


BOARD SIDE 


Figure 4 Connection to Oscilloscope with Differential Input 


When oscilloscopes with single-ended Inputs are Involved, the AAV11- 
A analog grounds (pins UU and HH) are not used. The return path for 
X and Y signal currents Is through ground for a grounded oscilloscope 
or through logic ground (pins L, N, R, or T) for a floating oscilloscope. 
Since the grounded, single-ended oscilloscope receives an Input volt¬ 
age which Is the sum of the AAV11 -A output and the ground difference 
voltage between the oscilloscope and the AAV11-A, noise and line 
frequency errors may be minimized by plugging the oscilloscope Into 
an ac socket as close as possible to the LSI-11 system. Running sln- 
gle-ended oscilloscopes In a floating configuration will eliminate noise 
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1 


i 

i 

and line frequency errors which are due to ground voltage differences. 

The effect of magnetic coupling into the oscilloscope input lines can 
be minimized for a differential-input oscilloscope by running the 
AAV11-A output and its return line in a twisted pair. No benefit is 
derived from a twisted pair with a single-ended oscilloscope input. 

The effect of electrostatic coupling into the oscilloscope input lines 
can be minimized by shielding the input lines from AAV11-A to the 
oscilloscope. The shield should be connected to ground at one end 
only. Grounding the shield at both ends may result in a ground loop 
which wili adversely affect oscilloscope control results and any 
ADV11-A A/D operations (if used). 

Careful selection of cabling is essential. The D/A outputs are capable 
of driving a maximum of 5000 pF. Output Impedance is 1 ohm. Output 
current limit Is 5 mA. 

Optional Equipment 

Figure 5 illustrates the H854 40-pin connector pin assignments for 
user outputs. These pins may be connected to the optional H322 dis¬ 
tribution panel for convenient user access via an optional BC08R 
cable. The optional BC04Z is available for applications which require 
an unterminated cable. One end Is terminated with an H856 connector 
that mates with the H854 connector on the AAV11-A module. The 
other end is an unterminated ribbon cable. The BC04Z cable is avail¬ 
able in lengths of 3.05 m (10 ft), 4.5 m (15 ft), and 7.6 m (25 ft). 

PROGRAMMING 

All four DAC holding registers are automatically set to zero on system 
initialization. This produces -5.12 V at the DAC outputs when the 
mode/level jumpers are connected as delivered from the factory. Any 
holding register value remains in effect until changed by the processor 
in response to a program Instruction. Coding to the D/A converters is 
offset binary for bipolar operation and straight binary for unipolar 
operation. Offset binary defines 0 as maximum negative voltage, mid¬ 
point (I.e., 40008 for the 12-bit AAV11-A) as 0 V, and all Is { 7777 ^) as | 

maximum positive voltage. These relationships are illustrated in Table 
5. 
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Figure 5 J1 Connector Pin Assignments 


T able 5 AAV11 -A Digital-to-Analog Conversions* 



Bipolar 


Unipolar 

Input 




OVto OVto 

Code 

±2.56 V 

±5.12 V 

±10.24 V 

±5.12 V ±10.24 V 

(octal) 

(volts) 

(volts) 

(volts) 

(volts) (volts) 


0000 

-2.56 

-5.12 

-10.24 

±0.0 

±0.0 

0001 

-2.55875 

-5.1175 

-10.235 

±0.00125 

±0.025 

3777** 

-0.00125 

-0.0025 

-0.005 

±2.55875 

±5.1175 

4000 

0.0 

0.0 

0.0 

±2.56 

±5.12 

4001 

±0.00125 

±0.0025 

±0.005 

±2.56125 

±5.1225 

7777 

±2.55875 

±5.1175 

±10.235 

±5.11875 

±10.237! 


* Offset binary for bipolar, straight binary for unipolar operating modes. Con¬ 
versions may be made between 2’s complement signed binary and offset 
binary numbers by subtracting 40008 the 2’s complement number (or 
adding 40008 to the offset binary number) and using only the low-order 12 
bits of the result. 

** Note that in all ranges, actual maximum positive voltage output is 1 LSB less 
than nominal maximum positive output. 


44 





























ADV11-A 


ADV11 -A ANALOG TO DIGITAL CONVERTER 
GENERAL 

The ADV11-A Is a 12-bit successive approximation analog-to-digitai 
converter that samples analog data at specified rates and stores the 
digital equivalent value for processing. A multiplexer section can ac¬ 
commodate up to 16 single-ended or 8 quasl-differentlal Inputs. The 
converter section uses a patented auto-zeroing design that measures 
the sample data with respect to its own circuitry offset and therefore 
cancels out Its own offset error. 

A/D conversions are initiated by program command, clock overflow, 
or external events. The program control Is determined by the control 
and status register (CSR). The clock overflow command Is supplied by 
the KWV11-A option. External event inputs can originate at the user’s 
equipment or from the Schmitt trigger output on the KWV11-A clock. 
The digital data output Is routed through a buffer register to the bus, 
from which It can be transferred Into memory. This buffer optimizes 
the throughput rate of the converter. 

Three reference signals are provided for self-testing on any channel 
Input: two dc levels and one bipolar triangular waveform. This output 
can be used with DIGITAL diagnostic software to produce a data base 
for extremely thorough and precise analog linearity testing. 

FEATURES 

• 16-channel multiplexer 

• Sample-and-hold functions 

• Auto-zeroIng technique 

• Buffered data output 

• Self-testing features 

SPECIFICATIONS 

Identification 
Type 
Power 

Bus Loads 
AC 
DC 


A012 

Quad 

-h5Vdc±5%at2.0A 
+ 12Vdc ±3%aX 450 mA 

3.25 

1 
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Inputs 

Analog input protection 


Logic input protection 


Analog input full scale range 
(FSR) 

Analog Input dynamic resistance 
(Vin < 5.12 V) 

Analog input bias current 
(Vin <5.12V) 

Logic Input voltages 
Logic Input currents 

Logic input rise/fall time 

Coding 

A/D Converter 
Resolution 

Format 


Fusible resistor guaranteed to 
open at ±85 V within 6.25 sec¬ 
onds. Guaranteed not to open 
from “25 V to +20 V at the input. 
Overload affects no components 
other than the fusible resistor on 
the overloaded channel; no other 
channels are affected. 

Fusible resistor guaranteed to 
open at ±25 V within 6.25 sec¬ 
onds. Guaranteed not to open 
from -4 V to +9 V at the input. 

10.24 V bipolar (“5.12 V to 
+5.12V) 

100 Mft minimum 

50 nA, maximum 

Low = 0.0 to +0.7 V 
High = +2 Vto +5 V 

Low = “6.8 mA at 0 V 
High = +1.3 mA at +5 V 

400 ns maximum 

12 bits, binary weighted (2.5 mV 
nominal) 

Parallel offset binary, right 
justified 

Input Voltage 

+ FS-1 LSB 
0 

“FS 


Output Code 

7777 

4000 

0 
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(FS = 5.12 V; 

1 LSB = 2.5 mV) 

Vernier D/A 

Resolution 8 bits, binary weighted 

Format Offset binary encoded 

Input Code 

377 

200 

0 

Approximate 
Offset Voltage 

+2.5 A/D LSB (+6.4 mV) 
0 

-2.5 A/D LSB (-6.4 mV) 


Performance 

Gain error 

Offset error 
Differential linearity 


Integral linearity 
Temperature coefficients 


Noise 


Warm-uptime 

Timing 
External start 


Adjustable to zero 

Adjustable to zero 

No skipped states; no states wid¬ 
er than 2 LSB. 99% of state 
widths ±y 2 LSB 

±1 LSB, maximum non-linearity 
(referenced to end points) 

Gain = 6 PPM per °C 
Linearity = 2 PPM of full-scale 
range per ®C 

Offset = 7.5 PPM of full-scale 
range per °C 

Module = 0.4 LSB rms; 2 LSB 
peak 

System = 0.5 LSB rms; 2 LSB 
peak 

5 minutes, maximum 
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Synchronization 
Conversion time 
Transition interval 


OtoT 

16 T (T = Clock period = 2 ^s) 
9 fis 


(reacquisitlon Interval between 
end of conversion or channel 
change and start of new conver¬ 
sion) 

Test Signals 

The ADV11 -A provides three output voltages for test purposes: 

1. Positive dc level, +4.4 V (±15%) 

2. Negative dc level, -4.4 V (±15%) 

3. Triangular wave, 15 Hz nominal (±15%) 

DESCRIPTION 

General 

The function of the ADV11-A module Is to convert analog input data to 
a 12-blt digital word that Is representative of the Input. This is done by 
the channel selection, control logic, A/D converter, and bus interface 
functions as shown In Figure 1. 
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Channel Selection 

Channel selection is accomplished under program control by two 8- 
channel multiplexers and is a function of the data asserted in bits 8 
through 11 of the control/status register (CSR). Each of the 16 analog 
input channels is routed to the single output channel through a MOS 
field-effect transistor which acts as a normally open switch. During the 
sample interval, the data pattern in CSR bits 8 through 11 selects one 
of these transistors and causes it to change from a condition of nearly 
infinite resistance (1 Gfi or more) to one of very low resistance (1000 Q 
or less). Since in the selected state the transistor conducts current 
within the ±5.12 V limits equally well in both directions, it now func¬ 
tions as a closed switch, effectively routing to the output line whatever 
analog signal is connected to its input. 

A/D Conversion 

A/D conversion can be initiated in three ways: under program control, 
on overflow from the KWV11-A real-time clock, or on external input. 
When a conversion is completed or the control program writes a multi¬ 
plexer address into the CSR, the control logic initiates the transition 
interval, a delay of about 9 ns to allow the multiplexer adequate selec¬ 
tion and settling time and to permit a valid representation of the signal 
level to be established in the sample circuit. If no A/D start signal has 
occurred by the time the transition interval has elapsed, the sample 
circuit merely follows the signal transmitted to it through the selected 
multiplexer channel and waits for an A/D start signal. When an A/D 
start signal occurs—or at the end of the transition interval if A/D start 
was previously generated by the writing of the CSR GO bit—the 
sample-and-hold circuits are switched to hold, sustaining the sampled 
level for the next step. The multiplexer output is then set to its hold 
condition, i.e., to ground if the single-ended (SE) input is set low for 
single-ended measurement, or to the second differential input (return 
line) if the SE input is not set low. Note that if an external or clock start 
signal occurs during the transition interval, conversion starts immedi¬ 
ately, without waiting for the transition interval to be completed. Bit 15 
of the CSR (A/D Error) is set, however, and an interrupt is generated if 
Bit 14 (Error Interrupt Enable) is set—alerting the program that con¬ 
versions are occurring too fast and are consequentiy liable to be in 
error. 

Under normal conditions, it is not until the transition interval is com¬ 
plete that the measurement process is begun. The successive approx¬ 
imation register (SAR) is cycled through 13 states by the clock. In the 
first state, its output code involves only the most significant bit (MSB) 
of the 12-bit SAR word. This output code causes the feedback digital- 
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to-analog converter to generate an output equivalent to that produced 
by the hold circuits in response to a sample voltage of 0. The digital-to- 
analog converter output is summed with that produced by the hold 
circuits and with that coming from the grounded multiplexer output 
(single-ended mode) or from the second differential input (quasi¬ 
differential mode). If the current from the summing mode is negative, 
the first approximation was too low, and the comparator signals the 
SAR to maintain the state of bit 11 and repeat the process with bit 10. If 
the current from the summing mode is positive, the first approximation 
is too high, and the SAR changes the state of bit 11 before cycling to 
the second approximation. This process continues until all 12 bits in 
the word have been set, tested, and if necessary, changed. The 13th 
state (end of conversion, or EOC) indicates that the measurement is 
complete and that the SAR now contains an offset binary equivalent of 
the sampled voltage and may therefore be transferred to the proces¬ 
sor. EOC causes the sample-and-hold circuits to return to the sample 
mode and to reset the SAR, preventing further SAR activity until the 
occurrence of the next hold condition. 

Note that because the reference point against which the sample volt¬ 
age is compared is at the output of the multiplexer itself rather than 
internal to the sample-and-hold circuits, all offset voltages generated 
by the intervening circuits are common to both sample-and-hold con¬ 
ditions and are therefore cancelled out of any measurement. In single- 
ended mode, grounding the multiplexer output (and thereby esta¬ 
blishing this reference point) is identified as auto-zeroing the 
converter. 

Bus Interface 

In addition to stopping the SAR clock and re-establishing the sample 
mode, the end-of-conversion signal also initiates the process that 
causes the SAR data to be transferred to the processor. Since this 
operation takes a finite amount of time which would interfere with 
subsequent measuring operations, the SAR data is first transferred to 
a holding device, the data buffer register (DBR) where it will remain 
until the processor can be notified to read the conversion data for 
processing. In the meantime, the channel selection and A/D conver¬ 
sion circuits can begin the next measurement as dictated by con¬ 
trol/status register (CSR) bit conditions controlled by the processor. 

Included in the ADV11-A interface is an extension of the DBR de¬ 
signed to accept 8-bit write information from the bus data/address 
lines. This buffer permits programmed setting of the vernier DAC. Also 
included are transceivers that connect the bidirectional bus data lines 
to the LSI-11 bus data/address lines. Associated with these transceiv- 
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ers are switches that let device and vector addresses be assigned to 
anygiven ADV11-A. 

Control Logic 

As the above discussion suggests, a large number of signals must be 
precisely orchestrated each time the ADV11-A executes a conversion. 
The control logic contains an assortment of gates, latches, read-only 
memories, and timing circuits designed to ensure that 1) multiplexer 
channels are properly selected, 2) sample durations are of adequate 
length, 3) conversions are not initiated during uncompleted previous 
conversions. In general, the user need not attend to any but the most 
elementary details of the conversion process, e.g., making necessary 
connections to the system and writing control programs that make 
appropriate use of the CSR. 

CONFIGURATION 

General 

This section describes how the user can configure the module to 
function within his system by setting dip switches S1 and S2 (Figure 2) 
to obtain the desired device address and interrupt vector as described 
in Table 1. When a jumper wire is inserted between the lugs, the 
single-ended inputs (16 channels) are selected. When the wire is re¬ 
moved, quasi-differential inputs are selected. 
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SINGLE-ENDED 
JUMPER LUGS 



Figure 2 ADV11-A Connectors and Switches 


Table 1 Standard Assignments 


Description 

Mnemonic 

First 

Moduie 

Address 

Second 

Module 

Address 

Registers 

Control and Status 

CSR 

170400 

170420 

Data Buffer 

DBR 

170402 

170422 

Interrupt Vectors 

Conversion Complete 


400 

410 

Error 


404 

414 
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Registers 

The control and status register (CSR) address can be selected in the 
range of 170000 to 177774 by using the S2 dip switch as shown in 
Figure 3. Switch S2 is factory-set at 170400, which is the recommend¬ 
ed address as illustrated in Figure 3. The functions of the CSR bits are 
shown in Figure 4 and detailed in Table 2. 


CSR ADDRESS FORMAT 

15 1 4 13 12 11 10 09 08 07 06 05 04 03 02 01 00 


STANDARD ADDRESS I I I I I ' ncc 

CONFIGURATION OFF OFF OFF ON OFF OFF OFF OFF OFF OFF 

(170400) 


CSR ADDRESS 
SWITCH (S2) 




Figure 3 CSR Switch-Selectable Address 


15 14 13 12 


08 07 06 05 04 03 02 01 00 


MAINT 

START 
ENA 

AD CLK ID NOT 

DONE START ENA 

ENA 


START 
USED 


Figure 4 CSR Bit Format 
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Table 2 CSR Bit Functions 
Bit Description 


A/D Error (Read/Write)—The A/D Error bit may be 
program set or cleared and is cleared by asserting 
BINIT L. It is set by any of the following conditions: 

1. Attempting an external or clock start during the 
transition interval. 

2. Attempting any start during a conversion in 
progress. 

3. Failing to read the result of a previous conver¬ 
sion before the end of the current conversion. 

Error Interrupt Enable (Read/Write)—When set, en¬ 
ables a program Interrupt upon an error condition 
(A/D Error). Interrupt is generated whenever bits 14 
and 15 are set, regardless of which was set first. 

Not used. 

Multiplexer Address (Read/Write)—Contains the 
number of the current analog input channel being 
addressed. 

A/D Done (Read)—Set at the completion of a con¬ 
version when the data buffer is updated. Cleared 
when the data buffer is read by asserting BINIT L. If 
enabled, interrupts are requested simultaneously by 
both bits 7 and 15; bit 7 has the higher priority. 

Done Interrupt Enable (Read/Write)—When set, en¬ 
ables a program interrupt at the completion of a con¬ 
version (A/D Done). Interrupt is generated when bit 7 
and bit 6 are both set regardless of sequence. 

Clock Start Enable (Read/Write)—When set, en¬ 
ables conversions to be initiated by an overflow from 
the clock option. 

External Start Enable (Read/Write)—When set, 
enables conversions to be Initiated by an external 
signal or through a Schmitt trigger from the clock 
option. 


14 

13-12 

11-8 

7 
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Table 2 CSR Bit Functions (Cont) 


Bit Description 


3 ID Enable (Read/Write)—When set, causes bit 12 of 

the data buffer register to be loaded to 1 at the end 
of any conversion. 

2 Maintenance (Read/Write)—When set, loads all bits 

of the converted data output equal to multiplexer 
address LSB (bit 8) at the completion of the next 
conversion. Cleared by asserting BINIT L. Used for 
all Os and all 1s = test of A/D conversion logic. 

1 Not used 

0 A/D Start (Read/Write)—Initiates a conversion when 

set. Cleared at the completion of the conversion and 
by asserting BINIT L. 


The data buffer register (DBR) address will be the next even address 
following the selected CSR address. This address has two separate 
DBR registers: one read-only and the other write-only. The functions 
of the register bits are shown In Figure 5 and described in Table 3. 


VERNIER D/A (WRITE) 


MSB LSB 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 


CONVERTED DATA (READ) 


Figure 5 DBR Bit Format 
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Table 3 DBR Bit Functions 

Bit 

Function 

Read-Only 

15-13 

Not used. Should read as 0. 

12 

ID—When ID Enable (bit 3) of the CSR has been set, 
DBR bit 12 will be set to 1 at the end of the conver¬ 
sion. 

11-0 

Converted Data—These bits contain the results of 
the last A/D conversion. 

Write-Only 

15-8 

Not used. 

7-0 

Vernier D/A—These bits provide a programmed off¬ 
set to the converted value (scaled 1 D/A LSB = 1 /50 
A/D LSB). The hardware initializes this value to 2008 
(mid-range). Values greater than 2008 make this in¬ 
put voltage appear more positive. 


Vector Interrupt 

The A/D conversion complete interrupt vector is set by dip switch S1 
(Figure 2). Any address in the range of 000^ to 777s can be selected by 
the user. The switch is factory-configured for 4008. the recommended 
vector, as shown In Figure 6. The error interrupt vector will be four 
words higher than the A/D conversion complete interrupt vector. 
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15 14 13 12 11 10 09 


07 06 05 04 03 02 01 00 


OOOOO 100000000 


STANDARD VECTOR 
CONFIGURATION 
(400) 

VECTOR 

SWITCH 

(sn 


ON OFF OFF OFF OFF OFF 

1 1111 1 

.7 6 5 4 3 2 1 I 


Figure 6 Interrupt Vector 


Mode Control 

The ADV11-A is equipped with the jumper lugs (Figure 2) that permit 
changing the operating mode from quasi-differential (no connection) 
to single-ended (jumper Installed). The single-ended mode can also 
be selected by connecting H854 connector pin C to logic ground. This 
alternative is provided to permit convenient external mode selection in 
installations that require frequent alteration between one mode and 
the other. 

Analog Input Interfacing 

Single-Ended Mode — Single-ended analog Input signals for the 
ADV11-A may be of two types, grounded and floating. A grounded 
input is one whose level is referenced to the ground of the Instrument 
that Is producing it, as illustrated in Figure 7. Since the Instrument may 
be located at a distance from the computer, there may be some volt¬ 
age difference between the Instrument ground and the computer 
ground. The voltage seen by the ADV11-A will be the sum of the 
undesired ground difference voltage and the desired Instrument sig¬ 
nal voltage. In cases where such differences are encountered, they 
can be minimized by plugging the Instrument Into an ac outlet as close 
as possible to that providing power to the computer. Do not run a wire 
from user’s ground to the ADV11-A analog ground. Such a wire can 
cause ground loop currents which affect results not only on the input 
channel in question, but also on other channels. 
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l~ADV 11-A 



Figure 7 Single-Ended Input Referenced to User’s Ground 


A floating input is one whose signal voltage Is developed with respect 
to a point not connected to ground, as Illustrated In Figure 8. The 
identifying characteristic of a floating source Is that connecting the 
signal return to the ADV11-A ground does not result in a current path 
between the ADV11-A ground and the Instrument ground. 

Note that the return of a floating input must be connected to one of the 
ADVIl-A’s analog ground terminals. Ground points may be shared 
among channels, as illustrated by the battery-powered sources in the 
figure. 
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Figure 8 Floating ADV11-A Input Signals 


Quasi-Differential Mode — The “quasi" prefix in “quasi-differential” 
can best be explained by reviewing a true differential operation. A true 
differential input involves two signal lines connected to a differential 
amplifier so that the output of the device is a function of the instan¬ 
taneous difference between the voltages on the two signal lines. One 
advantage of such a configuration is illustrated in Figure 9. 

Figure 9A assumes a single-ended generating device that produces a 
signal, V with respect to its ground and is situated sufficiently far 
enough away from the receiving device for a significant noise voitage, 
V , to be developed in the power distribution ground lines. The result 
islhat, at any given instant, the differential amplifier in the receiving 
device sees both the signal voltage and the noise voltage. Its output, 
Vo, is a function of V g + V „ and is in error with respect to Vg aione. 
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GENERATING DEVICE RECEIVING DEVICE 

r 1 r-1 



GENERATING DEVICE 





Figure 9 Single-Ended vs. True Differential Input Modes 


Figure 9B illustrates the same device connected in true differential 
mode. The same noise voltage exists in the power distribution ground 
system, except the generating device ground is connected directly to 
the negative Input of the receiving differential amplifier. Because the 
Instantaneous noise voltage Is common to both the + and - Inputs, it 
Is cancelled out of the final amplifier output. Vq now provides a valid 
representation of Vg alone. 

Figure 10 illustrates the ADV11-A operating In the quasi-differential 
mode. 

The major contrast between true differential operation as described 
above and the operation of the ADV11-A in differential mode is that in 
the latter, the two sides of the signal are not simultaneously input to a 
differential amplifier. Rather, their difference is established by a se¬ 
quential operation that first samples the voltage at one of the two 
inputs and then, holding this value fixed, in effect subtracts it from the 
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voltag6 at tha second input. For near dc conditions, this procedure 
produces a result like that of true differential operation (i.e., the output 
is a function of the difference between the two input voltages, and 
common mode voltages are cancelled out). 

Because of a significant time lapse, however, between taking the sam¬ 
ple and completing the final approximation, a possibility for error is 
introduced by the ADV11-A that increases as a function of common 
mode signal frequency. The result is that the common mode rejection 
ratio, while essentially infinite at dc, rolls off for ac signals, and is about 
40 dB at 60 Hz line frequency. Also, because the holding action of the 
sample-and-hold circuit is, in effect, only on the first (non-inverting, 
signal) input, but not on the second (inverting, return) input, the 
voltage rate of change on the second input should be kept below 25 
mV/rms. This is the slope that results in a quarter-LSB change during 
the conversion interval. Such a rate of change corresponds to 125 mV 
peak-to-peak at 60 Hz line frequency. This dynamic response differ¬ 
ence between the two inputs requires distinguishing the ADV11-A’s 
differential mode from true differential operation. Hence the term 
“quasi-differential.” 



FOR dc CONDITIONS : 

Vo • V, -V2 =(V, + V„) -v„ • V, 

FOR oc CONDITIONS : 

Vo • V, (»,) - Vj (I 2 > • V, (I , ) + [ Vn (I, ) - V„ (I 2 I j 


NOTE . 
Solid 


dotted positions indicote 


(I2) 


Figure 10 ADV11-A Quasi-differential Mode 
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Installation Precautions 

As a preliminary step, confirm that the computer power supply ground 
is connected to power line (earth) ground. If continuity checks reveal 
no such connection, attach a length of 12-gauge wire between the 
power supply ground and a convenient point associated with earth 
ground. 

Twisted Pair Input Lines — The effects of magnetic coupling on the 
input signals may be reduced for floating single-ended or differential 
inputs by twisting the signal and return lines In the input cable. If the 
Inductive pickup voltages of the two leads match, the net effect seen at 
the ADV11-A Input Is zero. Use of twisted pairs has no effect with a 
single-ended non-floating signal (referenced to ground at the instru¬ 
ment end). 

Shielded Input Lines — The effects of electrostatic coupling on the 
input signals may be reduced by shielding the signal wires. This is 
especially Important if the instrument or transducer has high source 
impedance. To prevent the shield from carrying current and thus de¬ 
veloping ground loop voltages within the ADV11-A, connect it to 
ground at the instrument end only. 

Allowing for Input Settling with High Source Impedance — All solid- 
state multiplexers Inject a small amount of charge Into their input lines 
when changing channels. This causes a transient error voltage that Is 
discharged by the source impedance of the input signal. The ADV11 -A 
has this characteristic, and also injects a small charge into the select¬ 
ed input line at the end of each conversion when the auto-zero switch 
is turned off. After any channel change and after any conversion, the 
ADVIl-A’s control allows a 9-fts interval (Identified as the transition 
interval) during which conversions cannot start without generating er¬ 
ror conditions. Normally, this is sufficient time for the Input transient to 
settle out. 

More time may be needed, however, when the multiplexer Is switching 
into an input channel with high source impedance, particularly when 
large amounts of shunt capacitance exist In the Interconnecting ca¬ 
bles. Avoid products with source impedance/cable shunt capacitance 
greater than 1 ^s whenever conversions are to be made at maximum 
rate with less than Vi LSB error. This means that cable shunt capa¬ 
citance for a 1000 fi source should not exceed 1000 pF (10® X 10"® = 
10'®), that shunt capacitance for a 100 fi source should not exceed 
0.01 ftF (10® X 10’“ = 10"®), etc. Assuming twisted pair cable 
capacitance of 50 pF/foot, these constraints translate Into a maximum 
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run of 20 feet from a 1000 12 souce, 200 feet from a 100 12 source, etc. 
Note that these values are consistent with good practice for avoiding 
noise pickup In long cable runs. Note also that settling errors can be 
eliminated by Increasing the time between conversions or Incorporat¬ 
ing a software delay between channel changes and program start 
commands. 

Connections 

Figure 11 illustrates the location of user connectors and switches on 
the component side of the ADV11-A board. 

Analog Input signals are input to the ADV11-A through the 40-pin 
connector. Pin assignments for the connector are shown In Figure 11. 
The proper H856-to-H856 cable Is the BC08R; The proper H856 to 
prepared open-ended cable is the BC04Z. 


LOGIC GND ■ 


SINGLE ENDED L 
ANALOG GND I 


+ 4.5V 


- 15V TEST 
+ 15V TEST 



-EXT START L 

RAMP 
- 4.5V 

CH 17 -CH 07 

CH 16 -CH 06 

CH 15 -CH 05 

CH 14 -CH 04 

CH 07 +CH 07 

CH 06 +CH 06 

CH 05 +CH 05 

CH 04 +CH 04 

CH 13 -CH 03 

CH 12 -CH 02 

•CH n -CH 01 

CH 10 - CH 00 

• CH 03 +CH 03 

■ CH 02 -t-CH 02 

•CH 01 +CH 01 

- CH 00 +CH 00 

SINGLE differential 
ENDED 


BOARD SIDE 


CH X7 
CH X6 
CH X5 
CH X4 
CH 07 
CH 06 
CH 05 
CH 04 
CH X3 
CH X2 
CH XI 
CH XO 
CH 03 
CH 02 
CH 01 
CH 00 


H322 

NOMENCLATURE 


Figure 11 ADV11 -A 40-Pin Connector Pin Assignments 


Distribution Panel — Figure 12 shows an H322 distribution panel that 
is connected on the rear to the ADV11-A Berg connector and on the 
front provides easily identifiable and conveniently accessible barrier 
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strip connections for user apparatus. Each H322 accommodates two 
ADV11-AS or one ADV11-A and one other singie-connector device. 
Note that the H323-B potentiometer box may not be used with the 
ADV11-A. 


External and Clock Starts — The external start signal line, pin B of the 
40-pin connector or TAB S (Figures 2 and 11), is a TTL-compatible 
input that presents five unit loads (8.0 mA) to any driving output. Con¬ 
versions start on the high-to-low transitions of this signal. 



Figure 12 H322 Distribution Panel 


In most cases, the external start signal will be produced by a grounded 
(non-floating) pulse generator or logic circuitry located in a grounded 
instrument. The return path for the external start signal will be through 
the power line ground system. For this reason, ground differences 
between source and computer should be minimized to prevent spuri¬ 
ous start pulses due to ground noise. In no case should a separate 
return line be run between grounded source and the computer 
ground. Only with floating devices should return lines be run between 
source logic ground and logic ground pins on the ADV11-A 40-pin 
connector. External devices that require buffering can be interfaced to 
the ADV11-A through Schmitt trigger 1 of the KWVII-A clock (STI). 
Connection is made by means of a DEC 70-10771 type jumper to TAB 
S (Figure 2) of the ADV11 -A. 

Conversions that must be initiated by time intervals or on every nth 
external event may be triggered from the KWVI1-A through a DEC TO¬ 
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10771 type jumper connected from the clock output tab (CLK) to the 
ADV11 -A clock overflow tab (C). 

PROGRAMMING 

The following programming example reads lOOg A/D conversions 
from channel 0 Into locations 40008—41768 and halts. 


START: 

CLP 

flADSP 


’■^0 V 

•4000»P0 


INC 

9ADSP 

LOOPI 

TSTP 

aADSP 


BPL 

LOOP 


INC 

9ADSP 


MOV 

aADBP#(PO)^ 




RO, # 4200 


BNE 

HALT 

LOOP 

ADSP 1 

170400 


AD0PI 

170402 



.END 

start 


iCIEAP A/D STATUS PEGISTEP 
,SE1 UP FIPST ADDPESS 
jSTAPT A/D CONVEPSTHN 
iCHtCK DONE FLAG 
I^AIT UNTIL FLAG SET 
jSTAPT NEXT CONVEPSION# 

j place convepted value 

iFPOM A/D PUEFEH INTO ^^Eh^OPY 

ILOCATION Ar.D SET UP NEXT 

•LOCATION FOP TFANSFEO# 

JcHECK IF 100 CONVERSIONS 

,HAVE BEEN DONE 

|N0, GET NEXT CONVfcPSIUN 

;DnNE 

,A/D STATUS PFGISTFP ADDPFSS 
lA/n BUFFER PfeGISTPP ADDRESS 


* Starting a subsequent conversion before moving data from a previous con- 
version is recommended only with systems equipped with non-processor 
memory refresh. Without this capability, data will be lost occasionally by 
CPU memory refresh intervening between the INC and MOV commands. In 
general, non-processor memory refresh is essential to realizing the fuil po- 
tential of the ADV11 -A. 
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BA11-M EXPANSION BOX 
GENERAL 

The BA11-M expansion box provides a convenient means for expand¬ 
ing LSI-11 bus systems. Each expansion box includes an H9270 LSI- 
11 bus-structured backplane and an H780 power supply system 
mounted In an enclosure with a blank front panel. 

The BA11-M is shown in Figure 1. Mechanical and mounting details 
are shown in Figures 2 and 3. 

FEATURES 

• Provides power and cooling for LSI-11 Bus options 

• Accepts quad or double height modules 

• Eight double-height (four quad) LSI-11 Bus slots available for op¬ 
tions 

• LSI-11 Bus power sequencing signals provided by the power supply 

• LSI-11 Bus line frequency clock signal provided by power supply 

• LSI-11 Bus backplane compatible with LSI-11, LSI-11/2 and LSI- 
11/23 processors, memories, and Interface modules 

• Rack-mountable In standard RETMA 19" wide rack 

• UC listed; CSA certified 


SPECIFICATIONS 

Dimensions (Including bezel) 
Width 
Height 
Depth 

Without mounting brackets 
With mounting brackets 

Shipping Weight 

Operating temperature* 

Operating humidity 


48.3 cm (19 in) 

8.9 cm (3.5 In) 

34.3 cm (13.5 in) 

38.1 cm (15.0 In) 

18.1 kg (40 lb) 

5° to 50° 0(41° to 122° F) 

10% to 95% with a maximum wet 
bulb temperature of 32° C (90° F) 
and a minimum dew point of 2° C 
(36° F) 


The maximum allowable operating temperature is based on operation at sea 
level, i.e., at 760 mmHg (29.92 inHg); maximum allowable operating temper¬ 
ature will be reduced by a factor of 1.8° C/1000 m (1.0° F/1000 ft) for 
operation at higher altitude sites. 
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AC input power 


DC output power 


Recommended circuit breaker 
rating 


100-127 Vrms, 50 ±1 Hz or 60 ±1 
Hz, 400 W maximum, or 
200-254 Vrms, 50 ±1 Hz or 60 ±1 
Hz, 400 W maximum 

+5 Vdc ±3%, 0-18 A load (static 
and dynamic) 

+ 12 Vdc ±3%, 0-3.5 A load (stat¬ 
ic and dynamic) 

Maximum output power: 120 W 
(total) 

15 A and 115 Vac or at 230 Vac 


DESCRIPTION 

The BA11-M is a rack-mounted enclosure that provides power and 
cooling for eight double (four quad) LSI-11 Bus module slots. It ac¬ 
cepts either double or quad size modules. Modules are accessible 
from the front of the box. A cable area is provided for routing I/O 
cables from the modules to the rear of the box where a cable clamp 
allows cables to be strain-relieved before leaving the box. An AC 
ON/OFF switch and line cord are located at the rear of the box. Two of 
the eight slots for double size modules are normally used for cabling 
and termination, which leaves six bus slots available for options. Note 
that multi-board options that require the special backplane intercon¬ 
nection on connections card D (i.e., RLV11) are not accommodated by 
this expansion box. The BA11-M is available in two line voltage varia¬ 
tions: 115V and 230V. Each version accommodates either 60 Hz or 450 
Hz line frequency. 

CONFIGURATION 

When installing an expansion box to expand from a single to a dual 
backplane system, the BCV1B bus expansion option and TEV11 bus 
terminator option (or equivalent) must be used. Install the BCV1B 
modules and cables as shown in Figure 4. The terminator must be 
installed in the option location in the last box. When installing the 
BCV1B cable set, disregard any “This side up” labels that may be on 
the BC05L cables. Ensure that the red line on each cable is toward the 
center of both modules and that J1 on each board is connected to J1 
on the second board and similarly J2 on both boards. Ensure that the 
cables have no twists. Carefully fold excess cable as shown in Figure 
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4. Figure 5 illustrates proper Installation of the BCV1B and TEV11 
options. 

When expanding from a second to a third backplane, the BCV1A bus 
expansion option is required, in addition to the items required for 
expansion to the second backplane. 

NOTE 

BCV1A and BCV1B cables must differ in length by 
121.92 cm (4 ft) (minimum). 

The completed Installation for a 3-backplane system using the BCV1A 
option is shown in Figure 5. In addition to this option, the BCV1B 
option is required to connect the first backplane to the second back¬ 
plane: a 120 fi bus termination is required in the last option slot in the 
third backplane. 



Figure 1 BA11-M Expansion Box 
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Figure 2 BA11-M Assembly Unit 
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Figures BA11-M Cabinet Mounting 
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Figure 4 BA11-M Expansion Box Interconnections (two-backplane 

system) 
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NOTES 

1. INCLUDED IN BCV1B BUS EXPANSION OPTION. (CABLES ARE AVAILABLE IN 2, 4, 6, OR 
12 FT LENGTHS.) 

2. INCLUDED IN BCV1A BUS EXPANSION OPTION. (CABLES ARE AVAILABLE IN 2. 4 6 OR 
12 FT LENGTHS.) 

3. INCLUDED IN TE V11 BUS TERMINATOR OPTION. 

4. THE LSI 11 BUS IN RESTRICTED TO 15 OPTIONS, MAXIMUM. THESE OPTION SLOTS WOULD 
ONLY BE USED WHEN PREVIOUS OPTION(S) OCCUPY MORE THAN 1 OPTION LOCATION. 

5. BCV1A AND BCV1B EXPANSION CABLES MUST DIFFER IN LENGTH BY 4 FT (MIN). 

MA-2000 


Figures BCV1A Installation 
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^ BA11-N MOUNTING BOX 

GENERAL 

The BA11-N mounting box is designed to be used as a mounting box 
or as an expander box for an LSI-11 bus-based system. Each mount¬ 
ing box (Figure 1) Includes an H9273 backplane assembly, an H786 
power supply, and an H403-A ac Input panel mounted In an enclosure 
with a blank front panel (BA11-NE, NF) or bezel assembly (PDP- 
11/03-LC,-LD). 

FEATURES 

• Nine slots for double or quad size modules 

• Powerful and reliable 240-watt switching power supply, which Is 
both voltage- and frequency-independent 

• Module cooling 

• Designed to meet small system applications 

• Modular design for ease of servicing 

• LSI-11 bus power sequencing signals provided by power supply 

• Line frequency signal provided by power supply 

• Unique backplane Interconnection for custom multi-board options 

• LSI-11 bus backplane-compatible with LSI-11, LSI-11/2 and LSI- 
11/23 processors, memories, and interface modules 

• Rack-mountable in standard RETMA 19" wide rack 

• UL listed, CSA certified and complies with VDE and lEC require¬ 


ments 


SPECIFICATIONS 

Tables 1 and 2 show BA11-NE and BA11-NF mounting box specifica¬ 
tions, Including the H786 power supply. 

Dimensions (Including bezel) 


Width 

Height 

Depth 


48.3 cm (19 In) 
13.2 cm (5.19 in) 


Weight (without modules) 


Without mounting brackets 
With mounting brackets 


57.8 cm (22.7 In) 
67.96 cm (26.75 In) 

20 kg (44 lb) 


74 







BA11-N 


Operating temperatures 
Operating humidity 


10% to 95%, with a maximum wet 
bulb temperature of 32° C (90° F) 
and a minimum dew point of 2° C 
(36° F) 


5° to 50° 0(41° to 122° F) 


Input voltage 
BA11-NE 
BA11-NF 


115 Vac 
230 Vac 


Input current** 
BA11-NE 
BA11-NF 


12 A max 
6 A max 


Circuit breaker rating 


15 A at 115 Vac or 230 Vac 


The maximum allowable operating temperature is based on operation at sea 
level, i.e., at 760 mmHg (29.92 InHg); maximum allowable operating temper¬ 
ature will be reduced by a factor of 1.8° C/1000 m (1.0° F/1000 ft) for 
operation at higher altitude sites. 

** Input current consists of that used by the BA11-N, itself, plus whatever cur¬ 
rent Is supplied via the convenience ac outlet (J3) to an expander box; the 
total current must be less than the maximum specified. 

DESCRIPTION 

The H9273 backplane assembly consists of a backplane, a card frame 
assembly, and two cooling fans. The H9273 9-slot backplane 
assembly will accept nine LSI-11 bus double-height or quad-height 
modules (except for MM VII -A 4K X 16 core memory modules). The 
PDP-11/03-LC and the BA11-NE operate on 115 V and the PDP- 
11/03-LD and the BA11-NF operate on 230 V. Mechanical and mount¬ 
ing details are shown in Figure 2. 
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Figure 1 BA11-N Major Assemblies 



Figure 2 BA11-NEand BA11-NF Assembly Unit 
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The ac input box, power supply, and H9273 logic assembly are at¬ 
tached to the logic box base. The power supply assembly is hinged to 
the base and can be swung open to expose the internal components; 
with little effort, the entire assembly can be removed from the base 
and replaced. LSI-11 bus modules are inserted in the backplane from 
the rear of the box through an access door that Is equipped with strain 
reliefs for LSI-11 bus and communications cables. 

When the unit Is to be mounted in an equipment rack, the logic box 
cover is attached to the rack with mounting hardware. The logic box 
base slides into the mounted cover and a spring-button assembly 
engages to prevent the base from being accidentally pulled out of the 
cover. 


Table 1 


Item 


Specification 


Current rating 


5.5 A at 115 Vrms 
2.7 A at 230 Vrms 


Inrush current 


100 A peak, for Vi cycle at 128 
Vrms or 256 Vrms 

630 VA 


Apparent power 
Power factor 


The ratio of input power to appar¬ 
ent power shall be greater than 
0.6 at full load and low input volt¬ 
age 

+5 Vdc ±250 mV at 22 A 
(A minimum of 2 A of +5 Vdc 
power must be drawn to ensure 
that the +12 Vdc supply regu¬ 
lates properly) 

+ 12 Vdc ±600mVat11 A 


Output power 


Power-up/power-down characteristics 


Static performance 
Power-up 


BDCOK H goes high; 75 Vac 
BPOK H goes high; 90 Vac 


Power-down 


BPOK H goes low; 80 Vac 
BDCOK H goes low; 75 Vac 
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Table 1 BA11 -N Power Supply Specifications (Cont) 


Item 

Specification 

Dynamic performance 

3 msec (min) from dc power with¬ 
in specification or to BDCOK H 
asserted 

70 msec (min) from BDCOK H as¬ 
serted to BPOK H asserted 

Power-up 

Power-down 

4 msec (min) from ac power off to 
BPOK H negated 

4 msec (min) from BPOK H ne¬ 
gated to BDCOK H negated 

5 )Lisec (min) from BDCOK H ne¬ 
gated to dc power as of specifica¬ 
tions 


CONFIGURATION 

The procedure for mounting the BA11-N mounting box in an 
equipment rack is presented below. 

Installing the Logic Box Cover — The logic box cover is mounted in 
the equipment rack as shown in Figure 3. 

1. When the unit is shipped, the logic box cover is held to the base 
by four screws (these are used only in non-rack-mounted applica¬ 
tions), and a single shipping screw, which, for safety, must be in 
place whenever the unit is moved or shipped. First, remove the 
four screws that attach the cover to the base. Then open the rear 
door and remove the shipping screw. 

2. A safety locking device is found on the right side of the unit (when 
looking at the front). This device, a spring-button assembly, is 
attached to the side of the ac input box. When the unit is closed, 
the button on this assembly fits into the rear hole of two holes in 
the right side of the cover. This mechanical interlock can be over¬ 
ridden by pushing the button in from the outside of the cover 
while, at the same time, pulling the logic box base to get the 
button past the hole. The base can then be pulled out of the cover 
to its extended position; at this position, the button pops into the 
front of the two holes, preventing the base from being inadvertent¬ 
ly pulled entirely out of the cover. Open the base to the extended 
position and then release the button from the front hole. Slowly 
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pull the base entirely out of the cover and set the base out of the 
way. 

3. Attach the Tinnerman nuts to the cabinet uprights In eight places. 

4. Mount the cover to the front cabinet uprights using four pan head 
screws (10-32 X 0.62 Ig) and four No. 8 iockwashers. 

5. Attach the two support brackets to the cover using four Phillips 
pan head screws (8.32 X 0.38 Ig) and four No. 8 Iockwashers. 

6. Attach the support brackets to the rear cabinet uprights using four 
Phillips pan head screws (10-32 X 0.62 Ig) and four No. 10 flat 
washers. 

7. Slide the unit into the cover. It will be held In place by the spring- 
button assembly. To slide the unit forward again It will be neces¬ 
sary to release this spring button. 

8. If the system is to be moved or shipped, the shipping screw must 
be replaced. 



Figure 3 BA11-NE and BA11-NF Cover Mounting Dimensions 
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Installing the Logic Box Base in the Cover — Set the rear of the logic 
box base on the support flanges of the cover and slide the base in until 
the spring-button assembly engages in the extended position. Take 
care not to pinch the cables while sliding the base in. Release the 
spring-button and push the base all the way in until it engages in the 
closed position. Take the following steps to complete the installation. 

NOTE 

The base being installed is either the main base, i.e., 
the one containing the CPU, or an expander base 
(two expander boxes can be added). Modify the 
following instructions to suit the kind of base you are 
installing, e.g., if there is a blank front panel, skip the 
first half of step 1. 


1. Put the AUX switch in the front panel in the OFF position: put the 
ON/OFF switch on the ac input box in the OFF position. 

2. When the AUX switch on the front panel is in the ON position, the 
two wires of the power controller cable are common. Connect the 
free end of the cable to the input circuit of the power controller so 
that the AUX switch controls the application of primary power to 
the controller. Keep the AUX switch in the OFF position. 

3. Loosen the cable strain reliefs and open the rear door of the box 
to instali the LSI-11 bus expansion cable assemblies. Two cable 
assemblies are used. Table 3 describes the assemblies and tells 
where to insert the assembly modules. (Figure 4 illustrates mod¬ 
ule placement.) When inserting the modules, make sure the con¬ 
nectors are on top. 

4. Close the rear door; bring the bus cables out under the left strain 
relief and the communcations cables out under the right strain 
relief. Adjust the strain reliefs so that the cables are held firmly but 
are not pinched or crushed. Secure the strain reliefs and the rear 
door. Make sure the cables will not bind when the base is pulled 
out to the extended position. 
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Table 2 LSI-11 Bus Expansion Cable Assemblies 


Assembly 

Assembly 

Composition 

Insert Modules In 

BCV1B-XX 

Two BC05L-XX 
cables 



One M9400-YE mod¬ 
ule 

Slots A and Bof the 
first open row after all 
other LSI-11 bus op¬ 
tions have been 
installed In the main 
box. 

BCV1A-XX 

One M9401 module 

Two BC05L-XX 
cables 

Slots A and B of row 1 
of expander box 1 


One M9400-YD 
module 

Slots A and B of the 
first open row after all 
other LSI-11 bus op¬ 
tions have been in¬ 
stalled in expander 
box 1 

One M9401 module Slots A and B of row 1 
of expander box 2 

NOTE 

“-X” in the cable assembly number denotes length, 
which can be 60.96, 121.92, 182.88, or 304.80 cm (2, 

4, 6, or 10 ft). (Each cable of an assembly Is the same 
length.) When both assemblies are used In a system 
(boxes), the lengths must differ by 121.92 cm (4 ft). 

To facilitate servicing, the BCV1B cables should be 

182.88 cm (6 ft) long, while the BCV1A cables should 
be 304.80 cm (10 ft) long. 
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Figure 4 Configuring Large Box 
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BA11-VA MOUNTING CHASSIS/POWER SUPPLY 
GENERAL 

The BA11-VA is a small form-factor package providing mounting 
space and power for four LSI-11/2 or LSI-11/23 family modules. This 
package, plus the high functionality of DIGITAL’S microcomputer 
products, allows LSI-11 microcomputer applications to be implement¬ 
ed within a space smaller than that required for many 8-bit systems. 

FEATURES 

• Four slots for double 5.2 in. X 8.9 in. (13.2cm X 22.8cm) height 
modules. 

• LSI-11 bus backplane compatible with the LSI-11/2 and LSI-11/23 
processors, memories, and interface modules. 

• Power and cooling for modules. 

• DC power Indicator. 

• Mounting hardware for table-top or fixed-position usage. 

• Off/On switch located at the rear of the unit. 

• External connection to let users add a remote restart switch. 

• UL listed, CSA certified, and complies with VDE and lEC require¬ 
ments. 


SPECIFICATIONS 

Mechanical 


Capacity 

4 dual LSI-11 bus modules 

Size 

11.7 in. X 13.38 in. X 3.62 in. 
(29.71cm X 33.98cm X 9.19cm) 

Weight 

10 lbs (4.5kg) 

Mounting 

4 rubber feet for table-top use 
and 4 metal brackets for fixed po¬ 
sition mounting (instalied by 
user) 

Environmental 


Operating 

Temperature 

5'’C (41 “F) to 5°C (122'’F) 

Relative 

Humidity 

10% to 95% (non-condensing) 

Power 


Output 

5.6 amps at +5V max 

1.6 amps at + 12V max 


83 













Input 

Voltage 

Current 


Power Cord 


External Connectors 
Optional 
Power Outlet 


Remote 

Restart 


Model 

Number 


BA11-VA 

115\/ac-50/60Hz or +230\/- 
50/60HZ (selectable by user) 

3.0 amps at 115V (maximum) 

1.5 amps at 230V (maximum) 

6 ft. 3 in. ( 1 . 9 m) for 115 Vac to be 
used with a NEMA 5-15P wall 
socket. User supplies cord for 
other power requirements. 


Plug type (user-supplied) for use 
with the power outlet; 3-pin 
AMP™ plug—Part #1-480700-0 
AMP contact pins—Part # 
350547-3 

Plug type (user-supplied) for use 
with the remote restart outlet: 2- 
pin AMP plug—Part #1-480698- 
0. AMP contact pins—Part # 
350547-3 

BA11-VA—LSI-11 Bus mounting 
chassis and power supply 


The BA11 -VA is designed as a low-cost mounting enclosure for a wide 
range of mounting configurations. Two types of mounting hardware let 
the BA11-VA be used as a table-top unit or be attached to a flat 


surface in any plane. 


The BA11-VA does not generate a signal for use as a line-time clock In 
the processor module. If this function is required, the MXV11 multi¬ 
function module, which includes a 60Hz clock, should be used. If 
power-fail capability is needed, external hardware is required. 


For applications where the mounting of the BA11-VA prevents easy 
user access to the chassis, the capability is provided for adding an 
external restart switch. A simple, single pole/single throw switch can 
be located up to 10 feet from the box and connected using a standard 
connector. Momentary closure of this switch causes the processor to 
go to the user-selected power-up mode for the system. 

The power supply has more capacity than normally used by the four 
LSI-1T bus modules that can be mounted in the chassis. Therefore, a 
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connector is supplied to iet this power be used for other eiectronic 
equipment located in the same area as the computer. 

The BA11-VA power supply can be configured through seiector 
switches to operate throughout the worid. The product is UL iisted, 
CSA certified, and compiies with VDE and lEC requirements. 


AIR FLOW 



SUPPLIFD FIXED MOUNTING 
BRACKET 

REAR VIEW 


85 



















BDV11 


BDV11 DIAGNOSTIC, BOOTSTRAP, TERMINATOR 


The BDV11 module has 2K words of read-only memory (ROM) that 
contains both diagnostic programs and bootstrap programs. These 
programs are user-selectable by setting dip switches. The diagnostic 
programs test the processor, the memory, and the user’s console. The 
bootstrap programs are used to boot a number of LSI-11-compatible 
peripherals. The module also contains 120-ohm bus terminator cir¬ 
cuits. 

Space is available on the module to allow the user to add up to 2K 
words of erasable programmable ROM (EPROM) and up to 16K words 
of read-only memory (ROM). 

A HALT/ENABLE switch allows the user to start and stop the proces¬ 
sor and a RESTART switch enables the user to reboot the system. The 
module also has four programmable light-emitting diodes (LEDs) that 
indicate a failure in a program and monitor the tests in progress. All 
the switches and Indicators are edge-mounted on the module for easy 
access. 

NOTE 

There are two versions of the BDV11 module: revi¬ 
sions 0 and A. The revision 0 module was produced 
in limited quantities and does not Incorporate all the 
characteristics of revision A. The differences 
between these modules are listed at the end of this 
section. 


FEATURES 

• Programmed ROMs with bootstraps for RXV11, RXV21, RLV11, and 
RKV11 disk options 

• DECnet bootstraps for DLV11-E, DLV11-F, and DUV11 serial line 
units 

• Capable of booting a system automatically with no operator inter¬ 
vention 

• Can automatically load and start a 16K word program from 
ROM/EPROM to RAM 

• 12-bit readable configuration register 

• 16-bit read/write maintenance register 
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• Software-controllable line-time clock (LTC) 

• Power OK monitor, green LED 

• 4-bit LED programmable display 

• RESTART and HALT switches 

• 120-ohm bus terminator 

SPECIFICATIONS 

Identification 

Type 
Power 


Bus Loads 
AC 
DC 


DESCRIPTION 
General 

The functions of the BDV11 are shown in Figure 1. The transciever and 
control functions control the transfer of data between the bus and the 
BDV11. The ROM address function decodes the address data from the 
bus and uses the socket selection and ROM address functions to 
access the memory located on the BDV11. The ROM address function 
is also used to transfer data into the data selection function. Then data 
is placed on the LSI-11 bus by the control and transciever functions. 
The data for the read/write registers are also transferred in and out by 
using the transceiver and control functions. The BDV11 uses power- 
up, BVENT, and display functions for monitoring program operations. 

Transceiver 

The transceiver logic monitors the LSI-11 bus BDAL lines for the ad¬ 
dress of a BDV11 register or the address of a ROM location. When a 
register or a ROM has been addressed, the transceiver logic gates the 
address onto the BDV11 DAL lines. If a register was addressed, the 
transceiver logic generates the address match signal that activates the 
control logic. If a ROM address was generated, then the DAL lines 
transfer the address to the ROM address selection logic. The trans¬ 
ceiver logic is also used to transfer data from the DAL lines to the LSI- 
11 bus BDAL lines. When the transceiver receives XMIT H, the data 
can be from either a register or ROM address. 


M8012 

Quad 

-l-5Vdc ±5% at 1.6 A 
+ 12Vdc ±3% at 0.07 A 

2 

1 
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Figure 1 BDV11 Block Diagram 
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Control 

The control logic consists of a DC004 protocol chip (Chapter 5) and an 
82523 PROM. The controi logic is enabied by the address match sig- 
nal from the transceiver logic. The PROM monitors some of the DAL 
lines and the address match signal and generates an enable signal for 
the DC004 chip whenever any of the assigned bus addresses (173000 
to 173777) is placed on the BDAL lines. The DC004 chip generates all 
the protocol signals used with the LSI-11 bus to allow data transfers 
The control logic also generates the control signals for the read/write 
register's ROM address selection and the ROM socket selection logic 
The bus control signals are defined in the appropriate processor 
handbook. 

Read/Write Registers 

The read/write register logic consists of two 8-bit universal shift regis¬ 
ters. When the registers are being read, the control logic asserts XMIT 
H and the information on the DAL lines is the data within the shift 
registers. When the registers are to be written into, the XMIT signal is 
negated and the registers are placed into a load condition. The regis¬ 
ters are clocked and the information on the DAL lines is loaded into 
the registers as data. The registers are cleared when power is turned 
on or when the system is booted. 

ROM Address Selection 

The ROM address selection logic uses the contents of the PCR regis¬ 
ter and the LSI-11 bus address to determine the address of the BDV11 
ROM locations. Each ROM has 2048,„ addresses available. The logic 
selects the high byte of the PCR register if bit 8 of the LSI-11 bus is one 
and selects the low byte if bit 8 is a zero. The selected byte is shifted to 
the right one bit and used as the high byte of the BDV11 address. The 
low byte of the LSI-11 bus address is shifted one bit to the right and 
used as the low byte of the BDV11 address. The complete BDV11 
ROM address is formatted by using a combination of the high and low 
bytes generated. Table 10 is a listing of how the PCR contents and the 
LSI-11 bus addresses are used to generate ROM addresses. 

Socket Selection 

The socket (or ROM) selection logic (Figure 2) consists of two decod¬ 
ers (E30 and E35) that provide the outputs used to select the high byte 
and low byte sockets. The user can program A10 H and A14 H Inputs 
to these decoders by selecting jumper wires W1-W4 and W9-W12 to 
determine the configuration designation described in Table 2. The 
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SB1 L and SB2 L outputs are used to select the 4K of 
diagnostic/bootstrap DIGITAL programs. The SE1 L and SE2 L out¬ 
puts are used to select the 2K words of user PROM. The SP1 L to SP8 
L outputs are used to select the additional 16K words of user ROM. 


+ 5V 
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ROM Address 

The ROM address logic uses the socket select logic outputs and ad¬ 
dress lines AO to A10 to select the desired address. The diagnos¬ 
tic/bootstrap ROMs are enabled by SB1 L and SB2 L and are ad¬ 
dressed by AO to A10. The user EPROMs are enabled by SE1 L and 
SE2 L and are addressed by AO to A9. The user ROM sockets are 
enabled by SP1 L to SP8 L and addressed by AO to A9. The output 
data from the ROMs is sent to the data selector logic. 

Data Selector 

The data selector receives data from the ROMs and the registers of the 
BDV11. This data is stored until the outputs are enabled by XMIT. The 
data is then gated to the DALO-15 bus lines where it is transferred to 
the LSi-11 bus by the transceiver and controi iogic. 

Display 

The display logic consists of four flip-flops and four LEDs. The 
contents of the display register (address 177524) are gated into the 
flip-flops and the outputs light the display LED indicators. The pattern 
of the display indicates to the user the type of program error when a 
failure occurs. 

Power-up 

The power-up logic includes the ENABLE/HALT switch and the RE¬ 
START switch. In normal operation, the ENABLE/HALT switch is in the 
ENABLE position. When the switch is placed in the HALT position, the 
bus signal BHALT L is asserted. The processor enters the halt mode 
and responds to the console ODT commands. To resume processor 
operation, the user must set the switch to ENABLE and enter a “P” 
command from the console. 

The RESTART switch must be cycled to reboot the system. When the 
switch is cycled, a capacitor is charged to disable the bus BDCOK H 
signal and DCNOK L is asserted to initialize the BDV11 registers. 
When the capacitor discharges, the BDCOK H signal is enabled, the 
processor carries out a power-up sequence, and normal operation is 
resumed. 

BVENT 

The BVENT logic uses a switch located in E21 that lets the user control 
the LTC function. When the switch Is open, the bus BVENT L signal 
can be controlled by the LTC signal generated in the LSI-11 bus power 
supply. When the switch is closed, the BVENT L signal can be con¬ 
trolled by the program. 
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CONFIGURATION 

The BDVH is factory-configured (Group A in Table 2) by DIGITAL to 
let the user expand the diagnostic and bootstrap programs by adding 
2K words of EPROM and 16K words of ROM/EPROM memory. The 
user can modify the configuration for his own software requirements. 
Thirteen jumper wires are located on the module as shown in Figure 3 
and identified in Table 1. Eight are used for selecting sockets, and five 
are used to accommodate various types of memory chips. The switch¬ 
es used to select programs are listed in the Programming section 
below. 

Socket Selection 

The socket selection logic is controlled by jumpers W1-W4 and W9- 
W12, which can be configured in seven different ways, as shown in 
Table 2. Group A assigns the PCR pages and socket selections. 
Groups B-G let the user choose where to begin program execution, 
such as having the processor execute Instructions directly from a sys¬ 
tem ROM or EPROM when power Is turned ON, rather than from the 
diagnostic/bootstrap ROM. 


Table 1 Selectable Jumpers 


Jumper 

W1 

W2 

W3 

W4 

W5 

W6 

W7 

W8 

W9 

W10 

W11 

W12 

W13 


Function 

Socket selection 
Socket selection 
Socket selection 
Socket selection 
Chip selection 
Chip selection 
Chip selection 
Chip selection 
Socket selection 
Socket selection 
Socket selection 
Socket selection 
Chip selection 
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Figure 3 BDV11 Switch and Jumper Locations 









































Table 2 Memory Configuration 
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Table 2 Memory Configuration (Cont) 
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Table 2 Memory Configuration 


BDV11 


c 






O ■= 


_J _l _l -I 

_J _l -I -1 

_l _l _J -J 

-1 _J _J _l 

r. c 


^ ^ ^ ^ 

CO CO CO CO 

0 0 0 0 

^ ^ ^ T— 

^ O) 


0. Q. Q. 0- 

0. Q_ 0. 0. 

0 - a. 0 . 0. 

0- 0. CL 0. 

S) 


CO CO CO CO 

0 0 0 0 

(/) O) (/) (/) 

(/)(/)(/)(/) 

(/) 



h- r^ 





^ ^ T— 

0 CO CO 

0 0 0 

h“ 

flC g. 


CO CVJ Tj- 'TJ- 

0 CM 't- CO 

0 0 1-0 

0 0 1- 

o ? 


o o o o 

CD CD CD O 

6 CD 6 6 

CD CD CD CD 

0. S. 


O T- o ■^- 

0 0 0 0 

0 0 

0 h- 0 h- 



CO CM 1- 

0 0 T- 

0 0 T- 

0 0 1“ 

CO 


^ ^ ^ 

^ ^ ^ ^ 

^ ^ ^ ^ 

^ ^ ^ 

CO 


£ £ o ^ 

0 o 0 ^ 

O 0 ^ 

0 'It 0 ^ 

2 S 


CM ^ CM 

0 0 T- 

0 0 1-0 

0 0 T- 0 

1 1 1 1 

o -g 


1 1 I 1 

^ ^ ^ ^ 

^ ^ )k )i: 

)i. ^ ^ 

^ ^ ^ ^ 

OC -O 


CD T- 

0 0 O 0 

0 1-00 

O 0 ^- 

< 


CM T- 

0 

0 0 1- 

0 0 ▼“ 

ll 






ki CO 

3 C 
o» O) 


< LU U. 0 

< LU U. 0 

< LU U- 0 

< LU LL 0 

1 8 
o“ 






0) 

m 

^ o 


E38 

(9) 

E42 

(11) 

E46 

(13) 

E50 

(15) 

o (0 













c 






o 






o 












i 





o 

o 

1 




High Byt 
Socket 

cc 

k. 

0) 

(C3 

3 

E51 

(10) 

E47 

(12) 

E43 

(14) 

E39 

(16) 








Cfl 

i 





r- 






96 

















BDV11 


NOTE 

The parenthetical numbers In the socket colums In¬ 
dicate the order for Installing each ROM. 

Memory Configuration 

The user can change the configuration of the BDV11 memory struc¬ 
ture by using socket selection jumpers W1-W4 and W9-W12; the stan¬ 
dard configuration Is designated “A” in Table 2. This table also 
Indicates the installation order for the PROM/ROM chips. The B, C, D, 
E, F, and G configurations show as alternate ways the user can map 
the ROM memory. Details about selecting a configuration using the 
socket selection jumpers are shown below. 

Configuration 

Designation W1 

A R 

B X 

C X 

D X 

E I 

F R 

G I 

* I = Installed, R = 


Chip Seiection 

The system ROM sockets can be occupied by either 2K ROMs or 1K 
ROMs. The ROM socket logic uses jumpers W5-W8 and W13 to select 
the type of ROM that can be used on the BDV11. Table 3 shows 
jumper configurations and the type of ROM or PROM used with these 
configurations. 

Control Registers 

The BDV11 module has five hardware registers that are software- 
addressable. These registers are assigned Individual addresses that 
cannot be changed or modified. The registers are described in the 
following paragraphs; their designations and addresses are listed in 
Table 4. 


Socket Seiection Jumpers* 


W2 W3 W4 W9 


I 

X 

X 

X 

R 


I 

X 

X 

X 

I 

R 

R 


R 

X 

X 

X 

R 


I 

I 

R 

R 

X 

X 

X 


W10 W11 W12 

R 


I 

R 

I 

X 

X 

X 


I 

R 

I 

R 

X 

X 

X 


Removed, X = Irrelevant 
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Page Control Register (PCR) - This register is word- or byte-ad- 
dressabie and can be read or written. The PCR is a 16-bit register that 
consists of two 8-bit bytes. The iow byte consists of bits 0-7 and the 
high byte consists of bits 8-15. When the iow byte of the PCR is equai 
to page 6, then bus addresses 173000-173777 accesses the 128 ROM 
locations in the block 1400-1577. When a bus address falls in this 
range the logic considers only the low byte of the PCR. However, if the 
bus address is in the range 173400-173777. only the high byte of the 
PCR is used to select the ROM location. 

Table 3 Chip Selection Jumpers 


ROM Type W5 


2708" R 

2716" R 

8316E‘' I 

8316E" R 


Jumpers Inserted' 

W6 W7 W8 W13 


I R I R 
R I R I 
R I R R 
R I R I 


NOTES 

1. I = Inserted; R = Removed. 

2. CB2 and DB2 must be supplied with external -5 V power. 

3. Use only+5 Vdc type components. 

4. Chip select signals must be programmed as follows: 

CS1 CS2 CS3 

LOW LOW LOW 

5. Chip select signals must be programmed as follows; 

CS1 CS2 CS3 

LOW LOW HIGH 
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Table 4 Standard Assignments 



Read/ 



Register 

Write 

Size 

Address 

Page Control 

R/W 

16 bits 

177520 

Read/Write 

R/W 

16 bits 

177522 

Configuration* 

R 

12 bits 

177524 

Display* 

W 

4 bits 

177524 

BEVNT* 

W 

1 bit 

177546 


* Dual-purpose register. 


Table 5 relates the PCR contents to the PCR page for pages 0-17. If the 
PCR is loaded with data 000400, the PCR low byte contains data 000, 
while the high byte contains data 001. The PCR bytes can be loaded 
separately. To select ROM locations 1600-1777, for instance, one need 
only load the PCR high byte with page 7; thus, the high byte contains 
007, while the low byte can contain anything. Table 6 lists the PCR 
contents for the remaining PCR pages. 

Read/Write Register — This register is used as a maintenance regis¬ 
ter for the diagnostic programs. The register is cleared when power is 
turned on or when the RESTART switch is activated. 

Configuration Register — This 12-bit read-only register is used to 
select for execution diagnostics or bootstrap programs for mainte¬ 
nance and system configuration. Bits 0-11 of the register are set by 
switches E15-1 through E15-8 and E21-1 through E21-4. These 
switches are associated with BDAL(0:11)L, when an individual switch 
is closed (on), the corresponding BDAL signal is low(1). 

Display Register — This 4-bit register is used for program control of 
the diagnostic LED display. When bits 0-3 of the register are set, then 
the corresponding LEDs are off. The register is cleared by turning 
power ON or by activating the RESTART switch. 
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Table 5 PCR Contents/Page Relationship, Pages 0-17 


PCR Page 

PCR High Byte 
PCR Contents (Bits 15-8) 

PCR Low Byte 
(Bits 7-0) 

0 

1 

000400 

001 

000 

2 

3 

001402 

003 

002 

4 

5 

002404 

005 

004 

6 

7 

003406 

007 

006 

10 

11 

004410 

oil 

010 

12 

13 

005412 

013 

012 

14 

15 

006414 

015 

014 

16 

17 

007416 

017 

016 


Table 6 

Pages 20-57, 200-377 



Page 

Contents 

Page 

Contents 

20,21 

010420 

260,261 

130660 

22,23 

011422 

262,263 

131662 

24,25 

012424 

264,265 

132664 

26,27 

013426 

266,267 

133666 

30,31 

014430 

270,271 

134670 

32,33 

015432 

272,273 

135672 

34,35 

016434 

274,275 

136674 

36,37 

017436 

276,277 

137676 

40,41 

020440 

300,301 

140700 

42,43 

021442 

302,303 

141702 
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Table 6 Pages 20-57,200-377 (Cent) 


Page 

Contents 

Page 

Contents 

44,45 

022444 

304,305 

142704 

46,47 

023446 

306,307 

143706 

50,51 

024450 

310,311 

144710 

52,53 

025452 

312,313 

145712 

54,55 

026454 

314,315 

146714 

56,57 

027456 

316,317 

147716 

200,201 

100600 

320,321 

150720 

202,203 

101602 

322,323 

151722 

204,205 

102604 

324,325 

152724 

206,207 

103606 

326,327 

153726 

210,211 

104610 

330,331 

154730 

212,213 

105612 

332,333 

155732 

214,215 

106614 

334,335 

156734 

216,217 

107616 

336,337 

157736 

220,221 

110620 

340,341 

160740 

222,223 

111622 

342,343 

161742 

224,225 

112624 

344,345 

162744 

226,227 

113626 

346,347 

163746 

230,231 

114630 

350,351 

164750 

232,233 

115632 

352,353 

165752 

234,235 

116634 

354,355 

166754 

236,237 

117636 

356,357 

167756 

240,241 

120640 

360,361 

170760 

242,243 

121642 

362,363 

171762 

244,245 

122644 

364,365 

172764 

246,247 

123646 

366,367 

173766 

250,251 

124650 

370,371 

174770 

252,253 

125652 

372,373 

175772 

254,255 

126654 

374,375 

176774 

256,257 

127656 

376,377 

177776 


BEVNT Register — Setting bit 6 (100,) removes the clamp from 
BEVNT, thus enabiing the line-time clock. Under program control, the 
user can clamp the BEVNT line low (thus stopping the iine-time clock). 
Opening the BEVNT switch disconnects this function. The register is 
cieared (disabiing the iine-time clock) when the power is turned ON or 
when the RESTART switch is activated. 
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PROGRAMMING 

General 

The BDV11 contains dip switches that let the user select diagnostic 
and bootstrap programs for execution. Four LEDs indicate when a 
program fails. A green LED monitors the +12 Vdc and +5 Vdc and is 
lit when power is ON. A HALT/ENABLE switch and a RESTART switch 
let the user start and stop the processor. The switches and LEDs are 
shown in Figure 4. 


HALT ^ ENABLE 



SWITCHES. BEVNT SWITCH) SWITCHES) 


Figure 4 BDV11 Switches and Indicators 


Diagnostic/Bootstrap Switches 

Dip switch units E15 and E21 let the user select diagnostic programs 
and/or a bootstrap program. Switches A1-A8 represent switches 1-8 
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of E15, and switches B1-B4 represent switches 1-4 of E21. The pro¬ 
grams selected by these switches are listed below. These 12 switches 
make up the configuration register that can be read at address 
177524. 

Switches A1-A4 are defined as follows: 

A1 ON Execute CPU test upon power-up or restart. 

A2 ON Execute memory test upon power-up or restart. 

A3 ON DECnet boot—A4, 5, 6, and 7 are arguments. 

A4 ON Console test and dialogue (A3 OFF). 

A4 OFF Turnkey boot dispatched by switch setting (A3 OFF). 

DECnet boot arguments are: 


Boot* 

A4 

A5 

A6 

A7 

DUV11 

ON 

OFF 

OFF 

OFF 

DLV11-E 

OFF 

ON 

OFF 

OFF 

DLV11-F 

OFF 

ON 

OFF 

ON 


All boots other than the DECnet boots above are controlled by the bit 
patterns In switches A5 through A8 and B1 (shown in Table 7) or, if the 
console test is selected, by mnemonic and unit number. The console 
test prompts with 

XX 

START? 

where xx is the decimal multiple of 1024 words of RAM found In the 
system when sized from 0 up In 1024-word increments. The first word 
of each 1024-word segment is read and then written back into Itself. 

Allowed responses are a 2-character mnemonic with a 1-digit octal 
unit number or one of two special single character mnemonics. The 
response must be followed by a RETURN. The special single-charac¬ 
ter mnemonics are: 

Y Use switch settings to determine boot device 

N Halt—enter microcode ODT 


* DLV11-E CSR = 175610; DLV11-F CSR = 176500; DUV11 CSR = 160040 if 
no devices from 160010 to 160036. 
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Table 7 Diagnostic/Boostrap Switch Selection 


Mnemonic A5 


A6 


A7 


A8 


B1 


Program 

Selected^ 


0 

0 


0 

0 


0 

0 


0 

DKn;n<8 0 

0 

DLn;n<4 0 

0 
0 
0 

DXn;n<2 0 

0 
0 
0 

DYn;n<2 0 

0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 


1 Loop on test 

0 RKVHBoot 

1 

0 RLVUBoot 

1 
0 
1 

0 RXVHBoot 

1 
0 
1 

0 RXV21 Boot 

1 
0 
1 

0 ROM Boot" 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


On = 1 
Off = 0 
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1. All unused patterns or mnemonics will default to ROM boot if 
switch B2, B3, or B4 is on. 

2. The ROM boot uses switches B2, B3, and B4 to dispatch as fol¬ 
lows; 

B2 B3 B4 

1 X X 

0 1 X 

0 0 1 

where X = Irrevelant 

If an unrecognized mnemonic or switch setting (A5 through B1) is 
encountered, B2, B3, and B4 are checked for the presence of addi¬ 
tional ROM. If present, the ROM boot is invoked. The mnemonic’s first 
character is piaced in the high byte location of 2. Both characters are 
converted to uppercase with bit 7 cleared. Location 0 is loaded with 
the binary unit number. If an unrecognized switch setting is encoun¬ 
tered instead, a copy of the switches is placed In location 2 with bit 15 
set. 

If no additional ROM exists, the switch-checking routine will halt or the 
mnemonic routine will reprompt. 

The above features let the user implement additional features or boots 
in additional ROMs without changing to the base ROMs. If the 
additional ROM encounters an unrecognized mnemonic, it should 
load address 173000 into the PC, which will restart the BDV11 base 
ROM and reprompt. 

Diagnostic Lights 

When a failure occurs in a diagnostic test or in a bootstrap program, 
the diagnostic light display indicates the area of the failure as shown in 
Table 8. A failure causes the error to be indicated by the display and 
an error halt instruction is carried out by the processor. When entering 
the halt mode, the processor outputs the PC address at the time of the 
error on the console terminal. (The actual error address is one word 
less- than the terminal printout.) In the halt mode, the processor re¬ 
sponds to console ODT commands and the operator can troubleshoot 
the error. Table 9 lists the possible address and the cause of some 
errors. 


ROM 

Extended diagnostic 
2708 

Program ROM 
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BEVNTL Switch ^ 

Contact 5 of dip-socket switch E21 is the BEVNT L switch. When the 
switch is off (open), the LSI-11 bus BEVNT L signai can be controlled 
by the power supply-generated LTC signal. When the switch is on 
(closed) the LTC function is program-controlled, i.e., a single-bit, 
write-oniy register in the logic (address 177546, bit 6) clamps BEVNT L 
low when the register is cleared. (The register is automatically cleared 
when the power is turned on or when the RESTART switch is cycled.) 

Power OK LED 

This green LED is lit when the +12 Vdc supply voltage is greater than 
+ 10 V and the +5 Vdc supply voltage is greater than +4 V for normal 
operating conditions. The +12 Vdc voltage and the +5 Vdc voltage 
can be measured at the tip jacks as indicated below. (Both J2 and J3 
have a 560-ohm resistor in series to prevent damage from a short 
circuit: use at least a 20,000 ohm/V meter to measure the voltage.) 


Jack Color Voltage 

j 1 Black Ground 

j2 Red +5 Vdc 

j 3 Purple +12 Vdc 


HALT/ENABLE Switch 

When this switch is in the ENABLE position, the processor can operate 
program control. If the switch is placed in the HALT position, the 
processor enters the halt mode and responds to console ODT com¬ 
mands. While in the halt mode, the processor can execute single in¬ 
structions for system maintenance. Pxogram control is reestablished 
by returning the switch to the ENABLE position and entering a P 
command at the console terminal (providing the contents of register 
R7 were not changed). Refer to the appropriate processor handbook 
for a description of console ODT command usage. 
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Table 8 Diagnostic LED Error Display (D1-D4)* 


D4 

Bits 

D3 

Bit 2 

D2 

Bit1 

D1 

BitO 

Comments* 

(Type of Error) 

On 

On 

On 

On 

System hung; halt switch on 
or power-up mode wrong. 

Off 

Off 

Off 

On 

CPU, fault, or configuration 
error. 

Off 

Off 

On 

Off 

Memory error; R1 points to bad 
location. 

Off 

Off 

On 

On 

Console SLU will not transmit. 

Off 

On 

Off 

Off 

Waiting for response from 
operator. 

Off 

On 

Off 

On 

Load device fault. 

Off 

On 

On 

Off 

Secondary boot incorrect 
(location 0 not a NOP). 

Off 

On 

On 

On 

DECnet waiting for response 
from host. 

On 

Off 

Off 

Off 

DECnet; received done flag 
set. 

On 

Off 

Off 

On 

DECnet; message received. 

On 

Off 

On 

Off 

ROM bootstrap error. 


* The light pattern indicates the corresponding test is in progress or failed. 
Some tests retry (DECnet) and others will halt the CPU (CPU, memory, non- 
DECnet boots). 


Table 9 List of Error Halts 


Address Cause of Error 

of Error 


173 022 Memory error 1. Write address into itself. 

173 040 SLU switch selection incorrect. Error in switches. 

173 046 SLU error. CSR address for selected device. Check 

CSR for selected device in floating CSR address 
area. 
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Table 9 List of Error Halts (Cont) 

Address 
of Error 

Cause of Error 

173 050 

CPI error. RO contains address of error. 

173 052 

Memory error 2. Data test failed. 

173 106 

Memory error 3. Write and read bytes failed. 

173 202 

ROM loader error. Checksum on data block. 

173 240 

CP4 error. RO contains address of error. 

173 366 

ROM loader error. Checksum on address block. 

173 402 

ROM loader error. Jump address Is odd. 

173 532 

RL device error. 

173 634 

CPU error 3. RO points to cause of error. 

173 642 

In console terminal test, a “no” typed. 

173 656 

RK device error. 

173 656 

Switch mode halt. Match was not made with switch¬ 
es. 

173 670 

Console terminal test. No done flag. 

173 706 

CPU error 2. RO points to cause of error. 

173 712 

RX device error. 


RESTART Switch 

When the RESTART switch is cycled, i.e., moved from one side to the 
other and back, the CPU automatically carries out a power-up se¬ 
quence. Thus, for maintenance purposes, the system can be rebooted 
at any time. 

Addressing ROM on the BDV11 module 

A block of 256 LSI-11 bus addresses Is reserved to address the ROM 
locations on the BDV11 module. This block resides In the upper 4K 
address bank (28K-32K), which Is normally used for peripheral-device 
addressing, and consists of byte addresses 173000-173776. 
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All 2048 locations in a selected 2K ROM (or 1024 locations in a IK 
ROM) can be addressed by just these 256 bus addresses. The logic 
includes a page control register (PCR) at bus address 177520; the 
contents of this read/write register determine which specific ROM 
location is accessed when one of the 256 bus addresses is placed on 
the BDAL lines. The PCR is loaded with “page” information, i.e., the 
PCR contents point to 1 of 16 (or 1 of 8) 128-word pages in the select¬ 
ed ROM (16 pages X 128 words = 2048 words). For example, if the 
PCR contents represent pages 0 and 1, then bus addresses 173000- 
173776 access ROM locations 0000-0377; if the PCR contents repre¬ 
sent pages 10 and 11, then bus addresses 173000-173776 access 
ROM locations 2000-2377. Table 10 relates bus addresses, PCR 
pages, and ROM locations. 

At the top of each column of PCR pages in Table 10 appear two circuit 
component designations; column 1, for example, is headed by 
E53/E48. These designations represent the ROMs and EPROMs that 
one might find on a BDV11 module. For instance, the BDV11 is sup¬ 
plied with 2K words of diagnostic ROM. The ROM inserted in socket 
XE53 supplies the high byte (bits 8-15) of these 2K words, while the 
ROM inserted in socket XE48 supplies the low byte (bits 0-7). To ac¬ 
cess the BDV11 diagnostic ROM locations, the user must load the PCR 
with the pages in column 1; thus, when 12 and 13, for example, are 
loaded into the PCR, diagnostic ROM locations 2400-2777 can be 
addressed by the LSI-11 BDAL signals. Another variation of the 
BDV11 could have IK-word EPROMs inserted in sockets XE57—XE40 
(E57 supplies the high byte, while E40 supplies the low byte). To ac¬ 
cess these EPROM locations, the user would load the PCR with pages 
in column 3; thus, with 44 and 45 in the PCR, EPROM locations 1000- 
1377 are accessi ble. 
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Table 10 BDV11 Bus Address/PCR Pages (Cent) 
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As Table 10 implies, the PCR pages are assigned to specific module 
ROM sockets. Furthermore, the sockets are assigned specific kinds of 
ROMs, as Table 11 indicates, e.g., the diagnostic/bootstrap ROM can 
occupy only sockets XE53 and XE48. Thus, a specific ROM can be 
addressed only when the PCR contains the page or pages assigned to 
the socket that the ROM occupies. For example, if 2K-word ROMs are 
inserted in sockets E39 and E50, they can be addressed only when the 
PCR contains pages 360-377. The page/socket assignments indicated 
in Table 10 apply to the BDV11 module shipped by DIGITAL. There are 
eight locations on the BDV11 printed circuit board in which jumpers 
are inserted selectively to achieve these assignments. The user can 
change the factory arrangement of these jumpers to cause the CPU to 
execute instructions directiy from a ROM or EPROM of the user’s 
choice when power is turned on, rather than from the diagnostic 
ROMs. 


Table 11 Functions of ROM Sockets 


Sockets 

ROM 

Function 

Sockets 

ROM 

Function 

XE53/XE48 

2K Diagnos¬ 
tic/Bootstrap 

XE47/XE42 

2K System 

ROM 

XE58/XE44 

2K Diagnos¬ 
tic/ 

Bootstrap 
(reserved for 
DIGITAL) 

XE51/XE38 

2K System 

ROM 

XE57/XE40 

IK EPROM 

XE55/XE37 

2K System 

ROM 

XE52/XE36 

IK EPROM 

XE60/XE41 

2K System 

ROM 

XE39/XE50 

2K System 
ROM 

XE59/XE45 

2K System 

ROM 

XE43/XE46 

2K System 
ROM 

XE54/XE49 

2K System 

ROM 
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Loading ROM into RAM 

A utility is provided in the BDV11 firmware which loads user programs 
from ROM to RAM at specified (and possibly scattered) addresses and 
transfers control to a specified address. This allows a programmer to 
write a program (to be stored in ROM) without knowing the BDV11 
mapping hardware or having to “ROMize” the program. This utility 
loads the DIGITAL-reserved space, the 2K EPROM, or the 16K 
ROM/EPROM areas. The utility uses the four highest words of RAM 
(<30K) as scratch space. 

The format is a modified version of absolute loader paper tape format. 
The standard format consists of sequential blocks, organized by byte, 
as follows; 


1 BYTE 


This indicates start of block. 
Required. 

Low-order eight bits of byte count. 
High-order eight bits of byte count. 
Low-order eight bits of load address. 
High-order eight bits of load address. 
Sequential bytes of data. 

Checksum byte. 


OBYTE 


BCL 

BCH 

ADL 

ADH 

DATA 

CKB 


These frames are repeated as required until a starting address block 
is encountered. This is indicated by a byte count of six, which is too 
short to allow a data field. The load address of this block is used as the 
starting address. 

The format skips every 255th and 256th location in the ROM pattern. 
These locations are filled with checking information which allows 
DIGITAL diagnostics to determine whether the ROMs are good and 
inserted in the correct socket. 

The ROMs should be Inserted as indicated by the ROM address chart. 
The user program may be patched by changing only the last ROM of a 
set and by adding a new data block(s) before the starting address 
block. This block will overlay previously loaded data. 

Executing ROMs in the I/O Page 

ROMs may be executed in the I/O page provided their starting ad¬ 
dress is between 173016 and 173376. The next page lists a program 
which executes in the I/O page. It uses the ROM loader but supplies 
only a starting address block. It must start in the window between 
173000 and 173376 since the ROM boot is executing out of the other 
window. It is the programmer’s responsibility to properly map the up- 
per window and then manage ail remapping. 
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DCK11-AA, -AC PROGRAM TRANSFER INTERFACE 
GENERAL 

The DCK11-AA and -AC CHIPKITs provide the logic necessary for a 
program transfer interface to the LSI-11 bus. 

The DCK11 -AA kit contains: 

1-DC003 Interrupt Chip 
1-DC004 Protocol Chip 

4-DC005 Transceiver/Address Decoder/Vector Select Chips 
The DCK11 -AC kit contains the above chips plus: 

1-W9512 double-height, extended-length, hIgh-density wlre-wrap- 
pable module 

1-BC07D-10 ten-foot, 40-conductor plug-in cable 

Figure 1 shows a schematic of the program control CHIPKIT part of a 

user’s Interface. 

FEATURES 

DC003 Interrupt Logic 1C Features 

• Two interrupts (A & B) per DC003 

• Interrupt enable flip-flop on the 1C 

• Enable flip-flop outputs available to the user 

• Interrupts Initially disabled by BUS INIT 

• VECTOR output to the DCOOSs to gate the Interrupt Vector address 
directly onto the LSI-11 bus 

• Interrupt B generates the second LSB of vector address directly 
(VECRQST B H) 

• BUS INIT buffered and made available to the user (INITO L) 

• Contains logic for LSI-11 bus “daisy-chained” Interrupts 
DC004 Protocol Logic 1C Features 

• Device selection features 

Four register select lines (SEL 6 L, SEL 4 L, SEL 2 L, SEL 0 L) 
High and low byte output select lines (OUTHB L, OUTLB L) 

Input select line (INWD L) 

Enable Input from higher level decode (ENB H) 

• Bus functions 

Bus reply generated for device addresses and for Interrupts 
(BRPLY L) 

Ability to vary bus reply response by adding an RC network 
provided (RXCX H) 
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DC005 Bus Transceiver IC Features 

• Four bits per IC 

• Three bits of address selection logic included on the chip 

• LSI-11 bus drivers and receivers 

Drivers—open collector with 70 mA sink capability. 

Receiver—65 nA input loading. (BUS 0-3L) 

• Internal 3-state bus drivers and receivers 

Drivers—20 mA sink 

Receivers—standard TTL (DAT 0-3 H) 

• Address selection 

Enable input for use with a higher level decoded input (MENS L) 

Address bits may be excluded from comparison by tying them 
toVCC(JA(3:1)L) 

• Interrupt Vector 

Vector address bits “ORed” directly onto LSI-11 bus (JV(3:1)H) 

SPECIFICATIONS 

For complete Electrical Specifications refer to EJ 17475. A summary of 
the more important specifications follow the pin/signal descriptions 
for individual ICs. 


DC003 PIn/SIgnal Descriptions 


Pin 

1 


Signal 

VECTOR H 


VECRQSTB H 


Description 

Interrupt Vector Gating. This signal should 
be used to gate the appropriate vector ad¬ 
dress onto the bus and to form the bus sig¬ 
nal called BRPLY L. Type: TTL-OUTPUT 

Vector Request “B.” When asserted, indi¬ 
cates RQST “B” service vector address is 
required. When unasserted, indicates 
RQST “A” service vector address is re¬ 
quired. VECTOR H is the gating signal for 
the entire vector address; VECRQSTB H is 
normally bit 2 of the vector address. Type: 
TTL-OUTPUT 
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DC003 Pin/Signal Descriptions (Com) 


Pin Signal 

3 BDIN L 

4 INITO L 


5 BINIT L 

6 BIAKO L 


7 BIAKIL 


8 BIRQ L 


Description 

Bus Data In. This signal, generated by the 
processor BDIN, always precedes a BIAK 
signal. Type: BUS-INPUT 

Initialize Out. This Is the buffered BINIT L 
signal used In the device Interface for gen¬ 
eral Initialization. Type: OPEN COLLECTOR 
WITH 1K PULL UP - OUTPUT 

Bus Initialize. When asserted, this signal 
brings all driven lines to their unasserted 
state (except INITO L). Type: BUS-INPUT 

Bus Interrupt Acknowledge (Out). This sig¬ 
nal Is the daisy-chained signal that Is 
passed by all devices not requesting Inter¬ 
rupt service (see BIAKI L). Once passed by 
a device. It must remain passed until a new 
BIAKI L is generated. Type: BUS-OUTPUT 

Bus Interrupt Acknowledge (In). This signal 
is the processor’s response to BIRQ L true. 
This signal Is daisy-chained such that the 
first requesting device blocks the signal 
propagation while non-requesting devices 
pass the signal on as BIAKO L to the next 
device In the chain. The leading edge of 
BIAKI L causes BIRQ L to be unasserted by 
the requesting device. 

Type: BUS-INPUT 

Bus Interrupt Request. This signal Is gener¬ 
ated when this device needs to Interrupt the 
processor. The request is generated by a 
false to true transition of the RQST signal 
along with the associated true Interrupt en¬ 
able signal. The request Is removed after 
the acceptance of the BDIN L signal and on 
the leading edge of the BIAKI L signal or the 
removal of the associated request signal. 
Type: BUS-OUTPUT 
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DC003 PIn/SIgnal Descriptions (Cont) 


Pin Signal 

10 RQSTBH 
17 RQSTAH 


11 ENBSTH 
16 ENASTH 


12 ENBDATAH 
15 ENADATAH 


13 ENBCLKH 

14 ENACLKH 


Description 

Device Interrupt Request. When asserted 
with the enable flip-flop set, will cause the 
assertion of BIRQ L on the bus. This signal 
line normally remains asserted until the re¬ 
quest is serviced. Type: BUS-INPUT 

Interrupt Enable Status. This signal indi¬ 
cates the state of the interrupt enable inter¬ 
nal flip-flop which is controlled by the signal 
ENX (where X is either A or B) DATA H, and 
the ENX (where X is either A or B) CLK H 
clock line. Type: TTL-OUTPUT 

Interrupt Enable Data. The level on this line, 
in conjunction with the ENX (where X is ei¬ 
ther A or B) CLK H signal, determines the 
state of the internal interrupt enable flip- 
flop. The output of this flip-flop is monitored 
by the ENX (where X is either A or B) ST H 
signal.Type: TTL-INPUT 

Interrupt Enable Clock. When asserted (on 
the positive edge), interrupt enable flip-flop 
assumes the state of the ENX (where X is 
either A or B) DATA H, signal line. Type: 
TTL-INPUT 


Summary of Electrical Specifications for DC003 


Ambient Temperatures 

TTL Input 

High-level input current 

Low-level input current 
Iil(V|=0.5V) 

Exceptions 


OX to 70X 

50 nA max. 

I|h(V=2.7V) 

-.55 mA max. 

Pins 12 & 15 ENX DATA H 
l|H = 100/uA max. 

IIL = -2.0 mA max. 
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TTL Outputs 

High-level output voltage 2.7V min. 

Voh(* 0 = ”■> max.) 

Low-level output voltage 0.5V max. 

Vol(Io== 20 mAmax.) 

Bus (Hi Z) input and (open coiiector) outputs. 
Bus Inputs 

High-level input current 40 mA max. 

IIH (VI = 3.8V) 

Low-level input current -lO/nA max. 

I|l(V| = 0V) 

Bus Outputs 

Low-levei output voltage 0.8V max. 

V LO (I sink = 70 mA max.) 


DC004 Pin/Signal Descriptions 


Pin Signal 

1 VECTOR H 


2 BDAL2 L 

3 BDAL1 L 

4 BDALO L 


5 BWTBT L 


Description 

Vector. This input causes BRPLY L to be 
generated through the deiay circuit. Inde¬ 
pendent of BSYNC L and ENB H. Type: 
TTL-INPUT 

Bus Data Address Lines. These signals are 
latched at the assert edge of BSYNC L. 
Lines 2 and 1 are decoded for the select 
outputs: line 0 is used for byte selection. 
Type: BUS-INPUTS 

Bus Write/Byte. While the BDOUT L input is 
asserted, this signai indicates a byte or 
word operation: asserted = byte, unassert¬ 
ed = word. Decoded with BDOUT L and 
latched'BDALO L to form OUTLB L and 
OUTHB L. Type: BUS-INPUT 
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DC004 Pin/Signal Descriptions (Cont) 


Pin 

6 


Signai 

BSYNC L 


BDINL 


Description 

Bus Synchronize. At the assert edge of this 
signai, address information is trapped in 
four iatches. While unasserted, disables all 
outputs except the vector term of BRPLY L. 
Type: BUS-INPUT 

Bus Data In. This is a strobing signal to ef¬ 
fect a data input transaction. Generates 
INWD L and BRPLY L through the delay cir¬ 
cuit and INWD L. Type: BUS-INPUT 


8 BRPLY L 


9 BDOUT L 


11 INWDL 


12 OUTLBL 

13 OUTHBL 


14 SELOL 

15 SEL2L 

16 SEL4L 

17 SEL6L 


Bus Reply. This signal is generated through 
an RC delay by VECTOR H, or BDIN L, or 
BDOUT L and the AND of BSYNC L and 
latched ENB H. Type: BUS-OUTPUT 

Bus Data Out. This is a strobing signal to 
effect a data output transaction. Decoded 
with BWTBT L and BDALO to form OUTLB L 
and OUTHB L. Generates BRPLY L through 
the delay circuit. Type: BUS-INPUT 

In Word. Used to gate (read) data from a 
selected register onto the data bus. En¬ 
abled by BSYNC L and strobed by BDIN L. 
Type: TTL-OUTPUT 

Out Low Byte. Out High Byte. Used to load 
(write) data into the lower, higher, or both 
bytes of a selected register. Enabled by 
BSYNC L and decode of BWTBT L and 
latched BDALO L, and strobed by BDOUT L 
Type: TTL-OUTPUT 

Select Lines. One of these four signals is 
true as a function of BDAL2 L and BDAL1 L 
if ENB H is asserted at the asserted edge of 
BSYNC L. They indicate that a word register 
has been selected for a data transaction. 
These signals never become asserted ex¬ 
cept at the assertion of BSYNC L (then only 
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DC004 PIn/SIgnal Descriptions (Cont) 


Pin Signal 


18 RXCXH 


19 ENBH 


Description 

if ENB H is asserted at that time) and once 
asserted, are not unasserted until BSYNC L 
becomes unasserted. Type: TTL-OUTPUT 

External Resistor Capacitor Node. This 
node is provided to vary the delay between 
the BDIN L, BDOUT L, or VECTOR H inputs 
and BRPLY L output. The external resistor 
should be tied to Vqc capacitor to 

ground. As an output, it is the logical inver¬ 
sion of BRPLY L. Type: OPEN-COLLEC¬ 
TOR OUTPUT 

Enable. This signal is latched at the assert¬ 
ed edge of BSYNC L and is used to enable 
the select outputs and the address term of 
BRPLY L. Type: TTL-INPUT WITH 850fl 
PULL UP 


Summary of Electrical Specifications for DC004 

Ambient Temperatures 

0‘’Cto70°C 

TTL Inputs 

High level input current 
|,h(V, = 2.7V) 

Low level input current 

50 mA max. 

-.70 mA max. 

|,l(V, = 0.5V) 

Exceptions 

Pin 19 ENBH 

||H = -3.85 mA max. 

llL = -8.0 mA max. 

TTL Outputs 

High Level output voltage 

Voh(Io = -■< 

2.7V min. 

Low level output voltage 
Vol('o = 20 mA) 

0.5V max. 


Bus (Hi- Z) Inputs and (Open Collector) Outputs 

Bus inputs 
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High level Input current 

''h(V| = 3.8V) 40MAmax. 

Low level input current 

'"■•'''-O'') -lOMmax. 

Bus Outputs 

Low level output voltage 

^ LO (• sink = 70 mA) 0.8V max. 


OC005 Pin/Signal Descriptions 


Pin Signal 

BUS(3:0) L 
12 BUSOL 
11 BUS1L 

9 BUS2L 

8 BUS3 L 

DAT(3:0) H 
18 DATOH 

17 DAT1H 

7 DAT2 H 

6 DAT3 H 


JV(3:1)H 

14 JV1H 

15 JV2H 

16 JV3H 


13 MENBL 


Description 


Bus Data. This set of four lines constitutes 
the bus side of the transceiver. Open collec¬ 
tor outputs; high-impedance inputs. Low= 

1. Type: BUS-INPUT/OUTPUT 

Peripheral Device Data. These four tri-state 
lines carry the inverted received data from 
BUS (3:0) when the transceiver is in the re¬ 
ceive mode. When in transmit data mode, 
the data carried on these lines are passed 
inverted to BUS (3:0). When in the disabled 
mode, these lines go open (Hl-Z). High = 1 
Type: TTL-INPUTS 

Vector Jumpers. These inputs, with internal 
pull-down resistors, directly drive BUS 
(3:1). A low or open on the jumper pin will 
cause an open condition on the corres¬ 
ponding bus pin if XMIT H is low. A high will 
cause a one (low) to be transmitted on the 
bus pin. Note that BUSO L is not controlled 
by any jumper input. TYPE: TTL-INPUT 
WITH PULL DOWN 

Match Enable. A low on this line will enable 
the Match output. A high will force MATCH 
low, overriding the MATCH circuit TYPE- 
BUS-INPUT 


121 










DCK11-AA,-AC 


DC005 Pin/Signal Descriptions (Cont) 


Pin Signai 

3 MATCH H 


JA(3:1)L 

1 JA1 L 

2 JA2L 

19 JA3L 


Descriptions 

Address Match. When BUS (3:1) match with 
the state of JA (3:1) and MENB L is low, this 
output is open; otherwise it is low. TYPE: 
BUS-OUTPUT 

Address Jumpers. A strap to ground on 
these inputs will allow a match to occur with 
a 1 (low) on the corresponding BUS line; an 
open will allow a match with a 0 (high); a 
strap to Vcc will disconnect the corres¬ 
ponding address bit from the comparison. 
TYPE: TERNARY-INPUT (SEE TEXT) 


5 XMIT H 

4 RECH 


Control Inputs. These lines control the op¬ 
eration of the transceiver as follows: 

REC XMIT 

0 0 DISABLE:BUS,DAT open 

0 1 XMIT DATA:DAT-*BUS 

1 0 RECEIVE:BUS-^DAT 

1 1 RECEIVE:BUS-^DAT 


To avoid 3-state signal overlap conditions, 
an internal circuit delays the change of 
modes between XMIT DATA and RECEIVE 
mode and delays 3-state drivers on the DAT 
lines from enabling. This action is indepen¬ 
dent of the DISABLE mode. 

Summary of Electrical Specifications for DC005 

Ambient Temperatures 0°Cto70°C 

TTL Inputs 

High level input current — 

|,h(V, = 2.7V) 

RECH Pin4 lOOitiAmax. 

XMIT H Pin 5 SO/uAmax. 

Low level input current — 

I,l(V| = 0.5V) 
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REC H Pin 4 
XMlTHPinS 


0CK11-AA,-AC 

-2.2 mA max. 

-1.1 mAmax. 


TTL Outputs 

High Levei output voit- 3.65V min. 

ageVoH (lo = -1 

MA) 

Low ievel output voit- 0.5V max. 
ageVoLCo =20mA) 

Bus (Hi-Z) Inputs and (Open Collector) Outputs 

Bus inputs 

High levei input current 65 nA max 
I|h(V|=3.8V) 

Low levei input current -1 o /lA max 

I|l(V| = 0.5V) 

Bus Outputs 

Low level output volt- 0.8V max 

age Vlo (I Sink =70 

mA) 

DESCRIPTION 

PROGRAM CONTROL CHIPKIT APPLICATION 

In Figure 1, the transceivers (four DC005s) provide data iines DO 
through D15 to reflect the state of the bus lines BDAL 0-15, when REC 
H is asserted, and to drive the BDAL iines when XMIT is asserted. 
Address and interrupt vector information for interrupt request and 
device seiection is aiso provided by the DC005. The device address is 
set up using input iines A3 through A12, while the interrupt vector 
address is set up using input iines V3 through V8. 

When the address iines (JA inputs on DC005s) match the state of the 
associated BDAL iines, the MATCH output will float high such that all 
DC005S will let ENB H on the DC004 be asserted, thus enabling the 
DC004 to look for proper synchronizing signals from the bus. Once 
these synchronizing signais (BDiN, BDOUT, BSYNC, and BWTBT) are 
present, the DC004 generates the control signals (INWD, OUTHB, 
OUTLB, and SEL 0,2,4,6) for the user’s device. 

The protocol logic (DC004) functions as a register selector to provide 
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the signals necessary to control data flow Into and out of the user s 
registers. When the proper device address has been decoded by the 
device address comparator (all DCOOSs), the MATCH outputs let the 
ENBH Input go high, thus enabling the DC004 protocol logic. Address 
bits D01 H and D02 H are decoded by the protocol logic, producing 
one of the SEL outputs, while bit DO and BWTBT are decoded for 
output word/byte selection (OUTHB L, OUTLB L). The device select 
line (SEL 0, 2, 4, 6) and word/byte select lines (INWD L, OUTHB L, 
OUTLB L) are used by the user’s logic. Each SEL output Is used to 
select one of four user’s registers, and the word/byte lines are used to 
determine the type of transfer (word or byte) to or from these registers. 

Either BDIN L or BDOUT L, depending on the type of bus cycle, will 
Initiate a delay whose value is dependent on the time constant of the 
RC network connected to pin RXCX H of the DC004. The end of this 
delay will Initiate a reply to the CPU Indicating that the address has 
been received. 

The Interrupt logic (DC003) performs an Interrupt transaction. Two 
channels (A and B) are provided for generating two interrupt requests, 
with channel A having the highest priority. The Interrupt enable flip- 
flop within the Interrupt logic must first be set when the user’s device is 
to Interrupt the LSI-11. This is accomplished by asserting (logic H) the 
ENX DATA* line and then clocking the enabled flip-flop by asserting 
the ENX CLK* line. With the Interrupt enable flip-flop set, the user’s 
device may then make an Interrupt request by asserting (logic H) 
RQSTX*. When RQST is asserted and the Interrupt enable flip-flop Is 
set, the Interrupt logic asserts BIRQ L to the bus which Initiates the bus 
“handshake” operation. This operation terminates with the generation 
of the vector address by the DC005 under the control of the DC003, 
and it’s signals VECTOR H and VECRQSTB H. 

The Interrupt logic available to the user indicates the status of the 
Interrupt logic enable flip-flops. Each line is asserted (logic H) when 
the appropriate Interrupt enable flip-flop Is set. These status lines can 
function as part of the user’s control status register (CSR). The 
VECRQSTB H line Is asserted (logic H) when the device connected to 
channel B has been granted use of the bus for Interrupt vector transfer 
operation. When VECRQSTB H is unasserted (logic L), the user’s de¬ 
vice connected to channel A of the Interrupt logic has been granted 
use of the bus. The INITQ L output from the Interrupt logic can be used 
to initialize the user’s logic. 

* X may be either A or B depending on which half of the Interrupt logic Is being 
enabled. 
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NOTE: 

CLOSE SWITCH FOR ONE 
OPEN SWITCH FOR ZERO 


Figure 1 DCK11 Bus Interface Typical Application 
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DC003 Interrupt Logic (DEC # 19-12730-00) 

The interrupt chip is an 18-pin, 0.762 cm center X 2.349 cm iong (max) 
(0.3 in. center x 0.925 in. iong) duai-in-line-package (DiP) device that 
provides the circuits to perform an interrupt transaction in a computer 
system that uses a daisy-chain type of arbitration scheme. The device 
is used in peripherai interfaces to provide two interrupt channeis ia- 
beied “A” and “B,” with the A section at a higher priority than the B 
section Bus signals use high-impedance input circuits or high-current 
open collector outputs, which allow the device to directly attach to the 
computer system bus. Maximum current required from the Vqc sup- 
ply is 140 mA. 

Figure 2 Is a simplified logic diagram of the DC003 IC. Table 1 de¬ 
scribes the signals and pins of the DC003 by pin and signal name. 



Figure 2 DC003 Simplified Logic Diagram 
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DC004 Protocol Logic (DEC #19-12729-00) 

The protocol chip is in a 20-pin 0.762 cm center x 2.74 cm long (0.3 in. 
center x 1.08 in. long) DIP device that functions as a register selector 
providing the signals to control the data flow into and out of up to four 
word registers (eight bytes). Bus signals can directly attach to the 
device because receivers and drivers are provided on the chip How¬ 
ever, the DC004 is now ordinariiy used with the user’s three-state bus 
to limit Bus ioading. An RC deiay circuit is provided to slow the re¬ 
sponse of the peripheral interface to data transfer requests. The cir¬ 
cuit is designed such that if tight toierance is not required, then only an 
external IK ±20 percent resistor is necessary. Externai RCs can be 
added to vary the delay. Maximum current required from the 
suppiy is 120 mA. 

Figure 3 is a simplified iogic diagram of the DC0041C. Signals and pin 
definitions for the DC004 are presented in Table 2. 

NOTE 

The pin names shown in this diagram are for the 
situation where the DC004 is connected to the inter- 
nai 3-state bus of the DCOOSs, not connected directly 
to the LSI-11 bus. 
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Figure 3 DC004 Simplified Logic Diagram 
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DC005 Transceiver Logic (DEC #19-13040) 

The 4-bit transceiver is a 20-pin, 0.762 cm center X 2.74 cm long (0.3 
in. center X 1.08 in. long) DIP, low-power Schottky device; its primary 
use is in peripheral device interfaces to function as a bidirectional 
buffer between a data bus and peripheral device logic bus. It also 
includes a comparison circuit for device address selection and a 
constant generator for interrupt vector address generation. The bus 
I/O port provides high-impedance inputs and high drive (70 mA) open 
collector outputs to allow direct connection to a computer data bus 
structure. On the peripheral device side, a bidirectional port is also 
provided, with standard TTL inputs and 20 mA, tri-state drivers. Data 
on this port are the logical inversion of the data on the bus side. 

Three address “jumper” inputs are used to compare against three bus 
inputs to generate the signal MATCH. The MATCH output is open 
coilector, which allows the output of several transceivers to be wire- 
ANDed to form a composite address match signal. The address jump¬ 
ers can also be put into a third logical state that disables jumpers for 
“don’t care” address bits. In addition to the three address jumper 
inputs, a fourth high-impedance input line is used to enable/disable 
the MATCH output. 

Three vector jumper inputs are used to generate a constant that can 
be passed to the computer bus. The three inputs directly drive three of 
the bus lines, overriding the action of the control lines. 

Two control signals are decoded to give three optional states: receive 
data, transmit data, and disable. 

Maximum current required from the Vqc supply is 120 mA. 

Figure 4 is a simplified logic diagram of the DC005 1C. Signal and pin 
definitions for the DC005 are presented in Table 3. 
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Figure 4 DC005 Simplified Logic Diagram 

CONFIGURATION 

The drawings on the following pages show sample circuits that may be 
helpful In applying the CHIPKITS. 
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OUTPUT 

REGISTER 



USER 


Figure 5 Data Path Flow Diagram 




Figure 6 Exampie of Output Register 
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TO DC005 
INTERNAL BUS 
(LOW ORDER 
8 BITS) 


FROM INWD L 
DC004 SELX L 


LOW BYTE 



Figure 7. Exampleof Input Register (BYTE) 


LOW BYTE REGISTER 


DC004 



.FROM 

USER 


FROM 

’user 


STROBE 

-FROM 

USER 


Figure 8 Example of Input Register (WORD) 
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This example is the interrupt enable bit for interrupt A which connects 
to bit 6 of the example CSR. ^ 


DC005 



74LS32 


V 

LSI-11 
BUS 


Figure 9 Typical CSR Bit 


741S347 DC005 



WHEN THE CSR IS READ (SEL 0 L = 0) THE SIGNAL 
GMIT WILL BE 0 CAUSING THE UNUSED DC005 
BITS TO BE READ AS ZEROS. (HIGH ON BDAL LINES) 
FOR ANY OTHER REGISTER GMIT = XMIT. 


Figure 10 Sample Circuit to Cause Unused CSR Bits to be Read as 

Zeros 
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This example is the A interrupt request and a DATA READY status bit 
(bit 7 of the CSR). 



Figure 11 Typical Interrupt Request 


BUS REPLY DELAY TIMES 

Bus Reply delays as a function of RC values connected to pin 18 
(RXCX H)oftheDC004. 

k1. RX=1K12 5% 

CX = 0 

Delay ~ 50 ns from falling edge of BDIN L, or BDOUT L, or rising 
edge of VECTOR H to BRPLY L falling edge. 

2 . RX = 1Kfi5% 

CX = 470pf5% 

Delay as described in item 1 above ~ 200 ns. 

3. RX=10K«5% 

CX = 1000 pf 5% 

Delay as described above ~ 3.2 nsec 

BDtN L J / 

OR 

booutT }_ I 

OR _ 

VECT OR H I [_ 

_ ^ 

BRPLY L} 1 


WHERE S = DELAY DESCRIBED IN ITEMS 1-3 
Figure 12 
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DCK11-AB, -AD DIRECT MEMORY ACCESS INTERFACE 

Th^DCKII-AB and -AD CHIPKITs provide the logic necessary for a 
Direct Memory Access (DMA) interface to the LSI-11 bus. 

The DCK11 -AB kit contains: 


1-DC003 Interrupt Chip 

1- DC004 Protocol Chip 

4-DC005 Transceiver/Address Decoder/Vector Select Chips 

2- DC006 Word Count/Bus Address Chips 
1-DC010 DMA Control Chip 

The DCK11 -AD kit contains the above chips plus: 

1-W9512 double-height, extended-iength, high-density wire-wrappa- 


bie module 

1-BC07D-10 ten-foot, 40-conductor plug-ln cable 


Figure 1 shows a typical interconnection of DMA CHIPKIT compo¬ 
nents, in block diagram form. 


DMA applications use the same chips as program control interf^es 
plus two DC006S for word or byte address counters and a DC010 DMA 
bus control 1C. 


DC006 Word and Address Counter 1C Features 

• Two 8-bit counters on each 1C 

• 16-bit address and word counters available In two iCs cascaded 

• Input and output share pins on the 3-state bus 

• Read and write control logic located on the 1C 

• Maximum count decoded and brought out for user 


DC010 DMA Logic Features 

• Uses an external 8 MHz clock to generate LSI-11 bus signals for 
DIN, DOUT, SYNC, and SACK 

• Inputs allow selection of cycle type (DATI, DATO, DATIO) 

• Interfaces with DMA daisy-chain signals 

• Allows an external RC network to force a variable wait before the 
next bus request is made (TMOUT H) 

• An input which allows a maximum of four transfers before the bus is 
released, when enabled (CNT4 H) 
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SPECIFICATIONS 


4 ^ contains a summary of the most important specifications 

for DC006 and DC010. See the previous section DCK11-AA, -AC for a 
summary of specifications for DC003, DC004, and DC005 


DC006 PIn/SIgnal Descriptions 


Pin Signal 


Description 


6 CNT1A 


3 CLK-A 


16 CLK-C 


2 S-A 


Count A Counter by 1 (TTL In¬ 
put). This signal controls the 
least significant bit of the A 
counter. When CNT1A is low, 
the A counter increments by 
one. When high, the LSB is 
prevented from toggling, 
hence the counter increments 
by two. When two counters are 
cascaded, CNTIA on the high- 
order counter should be 
grounded. 

Clock A Counter (TTL Input). 
This clock signal increments 
the A counter on its negative 
edge. The counter is incre¬ 
mented by one or two, de¬ 
pending on CNTIA. CNTIA 
and LD must be stable while 
CLK-A is high. 

Clock C Counter (TTL Input). 
This clock signal increments 
the C counter by one on its ne¬ 
gative edge. LD must be stable 
while CLK-C is high. 

Select A Counter (TTL Input). 
This signal allows the selection 
of the A counter according to 
the truth tables. 
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DC006 Pin/Signal Descriptions (Cont) 


Pin 

Signal 

Description 

19 

S-C 

Select C Counter (TTL Input). 
This signal allows the selection 
of the A counter according to 
the truth tables. 

4 

RD-A 

Read A Counter (TTI Input). 

This signal allows the selection 
of the A counter according to 
the truth tables. 

5 

RD- 

Read (TTL Input). This signal 
allows the read operation to 
take piece according to the 
truth tabies. 

18 

LD 

Load (TTL Input). When this 
signai goes through a high-to- 
low transition, the load opera¬ 
tion is ailowed to take place 
according to the truth tables. 
No data changes permitted 
while LD is low. 

7-9 

D/F(7:0) 

11-15 

Data Bus (Bidirectional, 3- 
State Outputs/TTL Inputs). 
These eight bidirectional lines 
are used to carry data in and 
out of the selected counter. 

1 

MAX-A 

Maximum A Count(TTL Out¬ 
put). This signal is generated 
by ANDing CLK-A and the 
maximum count condition of 
counter A (count 376 when 
counting by 2 or count 377 
when counting by 1). 

17 

MAX-C 

Maximum C Count (TTL Out¬ 
put). This signal is generated 
by ANDing CLK-C and the 
maximum count conditions of 
counter C (count 377). 
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1 Summary of Electrical Specifications for DC006 

Ambient Temperatures 0° to 70° 

TTL Inputs 

High level input current 

'ih(V| = 2.7V) SSMAmax. 

Low level input current 

I I|l(V| = 0.5V) -1.7 mA max. 

TTL Outputs 

! High level output volt- 2.7V min. 
age V qh (• o ~ 
mA) 

Low level output volt- 0.5V max. 
age V ql (I o = 20 mA) 

DC010 Pin/Signal Descriptions 

Description 

Request (TTL Input). A high on 
this signal initiates the bus re¬ 
quest transaction. A low allows 
the termination of bus master¬ 
ship to take place. 

DMA Grant Input (Hi-Z Input). 

A low on this signal allows bus 
mastership to be established if 
a bus request was pending 
(REQ = high): otherwise, this 
signal is delayed and output as 
BDMGO L. 

Count Four Input (TTL Input). 

A high on this signal allows a 
maximum of four transfers to 
take place before giving up 
bus mastership. A low dis¬ 
ables this feature and an un¬ 
limited transfer will take place 
as long as REQ is high. If left 
open, this pin will assume a 
high state. 


Pin Signal 

1 REQH 

13 BDMGIL 

16 CNT4H 
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DC010 Pin/SIgnal Descriptions (Cent) 


Pin 

Signal 

14 

TMOUTH 


DATIN L 


DATIO L 


12 RSYNCH 


Description 

Time-Out (TTL Input/Open 
Collector Output). This I/O pin 
is low while MASTER ENA is 
high.lt goes into high im- 
pedence when MASTER ENA 
is low. When driven low it pre¬ 
vents the assertion of BDMR; 
when driven high it allows the 
assertion of BDMR to take 
place if BDMR has been ne¬ 
gated due to the 4-maximum 
transfer condition. An RC net¬ 
work may be used on this pin 
to delay the assertion of 
BDMR. 

Data In (TTL Input). This signal 
allows the selection of the type 
of transfers to take place ac¬ 
cording to the truth table. 

Data IN/Out (TTL Input). This 
signal allows the selection of 
the type of transfer to take 
place according to the truth ta¬ 
ble. During a DATIO transfer, 
this signal must be toggled in 
order to allow the completion 
of the output portion of the I/O 
transfer. 

If left open, this pin will as¬ 
sume a high state. 

Receive Synchronize (TTL In¬ 
put). This signal allows the de¬ 
vice to become master 
according to the following re¬ 
lationship: 
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DC010 Pin/Signat Descriptions (Cont) 


Pin Signal 


Description 


17 CLKL 

15 RPLYH 


19 INITL 


11 BDMRL 


9 MASTER H 


RSYNC L • RPLY 
H- MASTER 
ENA = MASTER 

Clock (TTL Input). This clock 
signal used to generate all 
transfer timing sequences. 

Reply (TTL Input). This signal 
is used to enabie or disable 
the clock signal. This signal al¬ 
so allows the device to be¬ 
come master according to the 
following relationship: 

RSYNC L. RPLY H • MASTER 
ENA = MASTER 

Initialize (TTL Input). This sig¬ 
nal Is used to Initialize the chip 
to the state where REQ is 
needed to start a bus reqest 
transaction. When INIT is low, 
the following signais are ne¬ 
gated: BDMR L, MASTER H, 
DATEN L, ADREN H, SYNC H, 
DIN H, DOUT H. 

DMA Request (Open Collector 
Output). A low on this signal 
indicates that the device is re¬ 
questing bus mastership. This 
output may be tied directly to 
the bus. 

Master (TTL Output). A high 
on this signal Indicates that the 
device has bus mastership 
and a transfer sequence is in 
progress. 
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DC010 PIn/SIgnal Descriptions (Cont) 


Pin Signal 


Description 


3 BDMGO L 


7 TSYNC H 


18 DATENL 


ADREN H 


DINH 


DOUTH 


4 


6 


5 


DMA Grant Output (Open Col¬ 
lector Output). This signal is 
the delayed version of BDMGi 
if no request is pending; other¬ 
wise, it is not asserted. This 
output may be tied directiy to 
the bus. 

Transmit Synchronize (TTL 
Output). This signal is assert¬ 
ed by the device to indicate 
that a transfer is in progress. 

Data Enabie (TTL Output). 

This signai is asserted to indi¬ 
cate that data may be placed 
on the bus. 

Address Enable (TTL Output). 
This signai is asserted to indi¬ 
cate that an address may be 
piaced on the bus. 

Data in (TTL Output). This sig¬ 
nal is asserted to indicate that 
the bus master device is ready 
to accept data. 

Data Out (TTL Output). This 
signai is asserted to indicate 
that the bus master device has 
output vaiid data. 


Summary of Electrical Specifications for DC010 

Ambient Temperatures 0°Cto70'’C 

TTL Inputs 

High level input current 300 mA max. 

|,h(V, = 2.7V) 
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Low level Input current - 2.0 mA max. 

I IL (V I = 0.5V) 

TTL Outputs 

High Level output volt- 2 7V min 

39eVoH(lo = -1 

mA) 

Low level output volt- o.5V max. 
age V QL (I Q = 8 mA) 

Bu^nJ)uts^ '"**"** Collector) Outputs 

High level Input current 65 uA max 
I|h(V| = 3.8V) 

Low level Input current -10 #iA max. 

I IL (VI = 0.5V) 

Bus Outputs 

Low level output volt- 0 . 8 V max 

age Vlo (I sink = 70 

mA) 


DESCRIPTION 

DMA CHIPKIT Application 

Figure 1 ^ows how four DC005 transceivers are used to handle th 
first 16 BDAL lines (BDAL 0-BDAL 15) from the LSI-11 bus and 1 

enabteVtrf 3-s‘e»e bus. The transceivers ar 

dnven high. Similarly, the transceivers transmit data to the LSI-11 bu 
When Ihe XMIT H line Is driven high. Normelly, the DMols a e in m 

3^1 "'ir* 

tor the LSI-11 bus for device addressese 

transceivers providi 

convenient address and vector selection. 
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SELECTION. 

V - SWITCHES ARE FOR VECTOR 
SELECTION. 

CLOSE (ON) SWITCH FOR "1" 
OPEN (OFF) SWITCH FOR "0". 


Figure 1 Typical DMA CHIPKIT Application 


Switches A3 
and switches 


through A12 are the device address selection switches 
V3 through V8 are for vector selection. Switches are ON 
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(closed) for a 1 bit and are OFF (open) for a 0 bit. The addressable 


registers are: 

Register Bank 7 

Octal Address 

Bus Address Register 1XXXX0 

Word Count Register 1XXXX2 

Control/Status Register 1XXXX4 

Output Buffers 1XXXX6 


The user selects a base address for the bus address register and sets 
the device address selection switches to decode this address. The 
remaining register addresses are then properly decoded as sequential 
addresses beyond the bus address register (Figures 2 and 3). 


DECODED BY BBS7 


SELECTED BY SWITCHES 


decoded FOR 
1 OF 4 
REGISTERS 



A12 

(S2-2) 


All 

(S2-1) 


A9 

(SI-7) 


A7 

(SI-5) 


AS 

(SI-3) 


A3 

(SI-1) 


A10 
(SI-8) 


A8 

(SI-6) 


A6 

(SI-4) 


A4 

(SI-2) 


BYTE 

CONTROL 


Figure 2 Device Address Select Format 


1ST 

OCTAL 

DIGIT 


2ND 

OCTAL 

DIGIT 


3RD OCTAL 
DIGIT 
(OOR 4) 


PREASSIGNED 
AS ZEROS 



NOTES 

V2 = 1 FOR TRANSFER COMPLETE INTERRUPT. 

V2= 0 FOR TIME OUT INTERRUPT 

MA 1010 


Figure 3 Interrupt Vector Select Format 
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The DC004 is the internal register selector. This integrated circuit 
monitors BDAL lines 0, 1. and 2 to determine reQ'fter address 
has been placed on the LSI-11 bus. The states of BDOUT and BDIN 
are also monitored to determine the type of transfer 
When an address for an internal register is placed on the LS -11 bus, 
one of the SEL outputs from the DC004 is driven low. This selects that 
particular register for the transfer (into or out of the 
determined by the state of the OUTHB L, OUTLB L, or INWD L lines. 
Internal register selection is summarized as follows. 

Control Line 

INWD L (Read) 

INWD L (Read) 

OUTHB L (Write High Byte) 

OUTHB L (Write High Byte) 

OUTLB L (Write Low Byte) 

OUTLB L (Write Low Byte) 

INWD L (Read) 

OUTHB L and MRPLYL 

(Write CSR High Byte) 

OUTLB L and MRPLY L 
(Write CSR Low Byte) 

OUTHB Land MRPLYL 
(Write High Byte) 

OUTLB L and MRPLY L 
(Write Low Byte) 

Note that MRPLY L is the BRPLY L output of the DC004 and is used 
along with OUTHB L and OUTLB L to write either the high or low byte 
in the control/status register or the output buffers. Write byte selection 
for the bus address register and the word count register is controlled 
only by the OUTHB L and OUTLB L lines. Words can be written to the 
control/status register or the output buffer registers by driving bot 
OUTHB L and OUTLB L to the low state at the same time. 

The DC004 integrated circuit was designed to operate directly from 
the LSI-11 bus. However, since the introduction of the DC005, the 
DC004 is usually interfaced to the LSI-11 bus through the DCOW. Bus 
signals (BDAL lines) passing through the DC005 are inverted. There¬ 
fore, BDAL 0, 1, and 2 signals applied to the DC004 are inverted. 
Because of this inversion, it is necessary to change the nomenclature 


Select 

Register 

SELOL 

Bus Address Register 

SEL2L 

Word Count Register 

SELOL 

Bus Address Register 

SEL2L 

Word Count Register 

SELOL 

Bus Address Register 

SEL2L 

Word Count Register 

SEL4L 

Control/Status 


Register 

SEL4L 

Control/Status 


Register 

SEL4L 

Control/Status 


Register 

SEL6L 

Output Buffer 

SEL6L 

Output Buffer 
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BDAL0,1,2) 

Pin Signal 

12 OUTLBL 

13 OUTHBL 

14 SELOL 

15 SEL2L 

16 SEL4L 

17 SEL6L 

It Is recommended that 
faced to the LSI-11 
loading. 


From DC005 (Inverted 
BDAL 0,1,2) 

Pin Signal 

12 OUTHBL 

13 OUTLBL 

14 SEL6L 

15 SEL4L 

16 SEL2L 

17 SELOL 


when a DC005 Is used, the DC004 be inter¬ 
bus through the DC005 to avoid unnecessary bus 


hi"*"® difference in nomenclature 

Drm?" 0P®''a‘ed directly from the LSI-11 bus and through a 

DC005 are as follows: ^ 

From Bus (Non-Inverted 


The DC003 1C performs an interrupt transaction that uses the daisv- 
chain type arbitration scheme to assign priorities to peripheral de¬ 
vices. The DC003 has two channels (A and B) for generating two 
interrupt requests. Channel A has higher priority than channel B If a 
user s device wants control of the LSI-11 bus. the interrupt enable flip- 
fop within the DC003 must be set. This is accomplished by asserting 
(logic 1) the ENX* DATA line to the DC003 (writing bit 14 or bit 6 to a 

'"P-f'oP by asserting (logic 1) 
asserted untii the interrupt is serviced, 
afid the interrupt enable flip-flop is set, the 
C003 asserts (logic 0) BIRQ L, thus making a bus request. When the 
request IS grant®d, the processor asserts (iogic 0) BDIN L. This causes 

VECTOR H, which is applied to the 
^ th ^ RH A 1 ^*^^ ^ ^^® causes the device vector to be piaced 

on the BDAL lines to the processor. Interrupts are produced for bus 

fpTfr^RR* '^i! ®‘ *'^® co^iPlelion o» a block trans- 

fer (CSR bits 7 and 6). 

* X may be either A or B. 

DMA Application 

Figure 4 shows the DMA control (DC010). the word count/bus address 
registers (both DC006), the output buffers (both 74LS273s) and the 
input drivers (74LS367S). 
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The DC010 performs handshaking operations required to request and 
gain controi of the LSi-11 bus for DMA data transfers. After becoming 
bus master, the DC010 produces the signais necessary to ^ 

DiN or DOUT bus cycie as specified by the controi iines. An 8-MHz 
free-running dock is provided by E21. This dock is used by the DC010 
to generate aii transfer timing sequences. The actuai dock f''®P‘J®"®y 
is not criticai and can be any frequency up to 8.3 
symmetricai. An RC time constant provided by 'faster R14 and capa¬ 
citor C2 provides a deiay for the reassertion of BDMR ‘0 ^® LSM I 
bus This aiiows other direct memory access devices to obtain the bus 
during the time the CNT4 iogic reieases the bus and re-requests the 

bus. 



REQH 


TDiN- 
MASTER H- 


TSYNC- 
RSYNC- 
RPLY H- 


BDMGI L 

REQ H - 

BDMGO L 

DATIN H 

INIT L 

DATIO H 

BDMR L 

CNT4 H 

DOUT H 

DATIN L H 


CLK H 

MASTER H 

TMOUT H 

TSYNC H 

ADREN H 

RSYNC H 

E18 

- RPLY H DC010 


R8 

330 


-!-jE16>0^ D 


R15 

270 


12 I 

13|74LS132/ 


/T^C2 

IQQQpf 

—ADREN H 


•DISCRETIONARY WIRING 
H = 4 XFERS MAX. 

L = BURST MODE 


J_C1 

'^ISOpf 


Figure 4 Typical Application (DC006, DC010, Output Delay, and 

Input Drives) 

(Sheet 1 of 2) 
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Figure 4 Typical Application (DC006, DC010, Output Delay, and 

Input Drives) 

(Sheet 2 of 2) 
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User devices initiate bus requests by driving the set input of the re- i 
quest fiip-fiop (E10) low. This asserts REQ to the DC010 and generates [ 
BDMR L to the LSl-11 bus. When the DC010 becomes bus master, it 
asserts ADREN H to the DC006 bus address registers. ADREN H al- | 
lows the bus address registers to place the address of the slave (mem¬ 
ory) onto the internal bus and, via the DC005 transceivers, onto the 
LSI-11 bus. The request flip-flop (E10) remains set until the DC006 
word count overfows to zero (WCNTO). WCNTO then resets the request 
flip-flop. 

Two DC006 word count/bus address register ICs are used to provide 
16 bits each of word count and bus address. The least significant bits 
of the word count and bus address register and register C is the word 
count register. Both registers can be read or written under program 
control from the LSI-11 bus. Registers are selected by: 

• Read bus address register 


• Write high byte of bus address register 


• Write low byte of bus address register 


• Read word count register 


• Write high byte of word count register 


• Write low byte of word count register 


SELOL 

INWDL 


SELOL 
OUTHB L 


SELOL 
OUTLB L 


SEL2L 

INWDL 


SEL2L 
OUTHB L 


SEL2L 
OUTLB L 


The bus address register is incremented by two for word transfers. To 
accomplish the increment by two, the CNT1A input to the most signifi¬ 
cant DC006 (E23) must be high, and the CNT1A input to the most 
significant DC006 (E27) must be grounded. Clocking for DC006 E23 is 
provided by the transition of the ADREN H line from the DC010. When 
bus address register DC006 E23 overflows, MAX-A goes high, thus 
clocking the DC006 E27 bus address register. 
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The word count register is incremented by one each time a word is 
transferred. Initialiy, the word.fcount register is loaded under program 
control, with the 2’s complement of the number of words to be 
transferred. As words are transferred, the word count register is incre¬ 
mented toward zero. When DC006 E23 overflows, MAX-C goes high. 
MAX-C clocks the DC006 E27 word count register until DC006 E27 
overflows. When E27 overflows, WCNTO H is generated; WCNTO H 
then resets the request flip-flop (E10), thus terminating data transfers. 

During DMA data transactions input data from the DATI bus cycle is 
placed on the internal 3-state bus via the DC005 transceivers and is 
applied to he 74LS273 (E28 and E24) output buffers. These buffers are 
then clocked by CHANHB and CHANLB, thus placing the data on the 
16 OUT lines to the user’s device. 

For output data transfers (DATO), the user’s device places data on the 
16 IN lines to the 74LS367 3-state drivers. The drivers are enabled by 
DATEX L, which is asserted during a DATO cycle. The data passes 
through the drivers, is applied to the internal 3-state bus and, via the 
DC005 transceivers, to the LSI-11 bus. 

Miscellaneous Logic 

Miscellaneous logic is shown in Figure 5. This logic includes CSR, 
output buffer and input driver control, non-existent address time-out, 
DC005 transceiver receive/transmit control, the control/status register 
(CSR), additional transceivers {8641s), and the “B” request flip-flop. 

The CSR, output buffers, and input driver control receive INWD L, 
OUTHB L, OUTLB L, SEL 4 L, SEL 6 L, DATN H, and DIN H. These 
signals are gated to produce enable signals for the CSR, the output 
buffers, and the input drivers. CSR RD is produced by INWD L and 
SEL 4 L to enable the CSR data (DATA 5 through DATA 14) (Figure 5, 
sheet 1) to pass through the 74LS367 3-state drivers and onto the LSI- 
11 bus via the DC005 transceivers. OUTHB L, OUTLB L, SEL 4 L, and 
MRPLY L produce either CSRWHB L or CSRWLB L for writing bit 6 of 
the CSR (74LS74 E10 on Figure 3, sheet 1), or for clocking the “B” 
request flip-flop. DATEX L enables the 74LS367 3-state input drivers 
(Figure 5, sheet 1) during an “input” cycle. The CHANHB and CHANLB 
signals clock the 74LS273 output buffers during an “output” cycle 
When bytes are transferred, OUTHB L, MRPLY L and SEL 6 L enable 
the high byte (CHANHB L asserted), while OUTLB L, MRPLY and SEL 
6 L enable the low byte (CHANLB L). Both bytes are simultaneously 
transferred (word transfer) when DIN H is negated. 


149 











DCK11-AB,-AD 


The non-existent address time-out provides a 10 jis time-out in the 
event that a non-existent address is requested on the LSI-11 bus dur¬ 
ing a DMA operation. This prevents hanging-up the LS-11 bus for 
periods longer than 10 ^s. When the DC010 becomes bus master, 
ADREN H is asserted and cocks the 10 ms one-shot (E8). Normally 
RPLY L from the LSI-11 bus goes low and the one-shot is cieared. 
However if RPLY L is high (no response from slave), the one-shot 
times out and cocks the 74LS74 fiip-flop (E9). The flip-flop is set, 
generating (TOS + INIT) L; this signai is applied to the DC010 (Figure 
4 sheet 1) clearing the internal synchronization circuit and releasing 
the LSI-11 bus. The signal (TOS + INIT) H resets the request flip-flop 
(E10). The 74LS74 flip-flop (E9) can be set and reset with CSRW HB 
and DATA 15 (CSR bus time-out). This flip-flop is automatically reset 



Figure 5 Typical Application (Misceilaneous Logic) 
(Sheet 1 of 3) 
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DC005 TRANSCEIVERS REC/XMIT CONTROL 



NON-EXISTENT ADDRESS TIME-OUT 



(TOS+INIT)H 


_I 

MKH23 


Figure 5 Typical Application (Miscellaneous Logic) 
(Sheet 2 of 3) 


151 




































DCK11-AB,-AD 


8641 QUAD TRANSCEIVERS 



Figure 5 Typical Application (Miscellaneous Logic) 
(Sheet 3 of 3) 
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The DC005 transceiver receive/transmit control determines the state 
of the DC005 tranceivers. Normally, the transceivers are in the receive 
state to accept device addresses from the LSI-11 bus. When REC H is 
asserted (high), XMIT is negated (low). XMIT is asserted (high) when 
transferring data to the LSI-11 bus (TDOUT, DATEN, and ADREN are 
high; TRPLY, INWD are low). REC is asserted (high) when receiving 
data from the LSI-11 bus (TDOUT, DATEN, and ADREN are low 
TRPLY, INWD are high). 

The control/status register (CSR) (Figure 5, sheet 1) has six active bits 
and IS a read/write register comprised of 74LS367 3-state drivers and 
flip-flops which are part of other logic circuits shown in Figure 3, sheet 
1, and Figure 5, sheet 2. Figure 6 shows the CSR format. The CSR bits 
are described in Table 1. 


UNUSED 


UNUSED 



I 

■ I I - 1 - 1- 

——1-1_ t 1 


Uf 

Ub 

Ub 

II 00 


INTERRUPT 

enable 

FOR BIT 15 


USER 

transfer 

REQUEST 


INTERRUPT 
ENABLE 
FOR BIT 7 


BUS TIME OUT 
(NON EXISTENT 
ADDRESS) 


BLOCK TRANSFER 
COMPLETE 
(WORD COUNT 
OVERFLOW) 


transfer direction 

SELECT BIT 
DATO/DATI 
I/O 


Figure 6 Control/Status Register (CSR) Format 

The quad transceivers (8641) shown in Figure 3 sheet 3, supplement 
the DC005 transceivers for interfacing to the LSI-11 bus. In this partic¬ 
ular application, the 8641s are permanently enabled by grounding 
pins 7 and 9. / » » 
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CSR Bit Descriptions 


Bit 

Name 

00 

Unused 

01 


02 


03 


04 


05 

DATO/DATI 

06 

Interrupt enable 
for bit 7 


07 Block transfer 

complete 

08 User transfer 

request 


09 

Unused 

10 


11 


12 


13 


14 

Interrupt enable 


for bit 15 

15 

Bus time-out 


Description 


When set to a 1, indicates a 
DATO cycle: when set to a 0, 
indicates DATI bus cycle. 

This bit must be set (1) to en¬ 
able the word count overflow 
interrupt at the end of a block 
transfer. When set to 0, the in¬ 
terrupt is inhibited. 

This bit sets (1) when the word 
count register overflows, pro¬ 
viding bit 06 is set. 

The user’s device must set (1) 
this bit to make a bus request 
and transfer data. User REQ L 
{J1-PP) must be driven low (0) 
to set bit 08. This bit is always 
read as a zero. This is an ex¬ 
ample for test purposes. 


This bit must be set (1) to 
enable the bus time-out inter¬ 
rupt. When set to a 0, the inter¬ 
rupt is inhibited. 

This bit sets (1) when a slave 
on the LSI-11 bus does not re¬ 
spond with BRPLY within 10 
after being addressed. Bit 14 
must be set (1) to enable the 
bus time-out interrupt. 
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MR 1116 


Figure 7 DC006 Simplified Block Diagram 


DC006 WORD COUNT/BUS ADDRESS LOGIC (DEC #19-14035) 

The word count/bus address (WC/BA) chip is a 20-pin, 0.762 cm 
center x 2.74 cm long (0.3 in. center x 1.08 in. long) DIP, low-power 
Schottky device. Its primary use is in DMA peripheral device inter¬ 
faces. This 1C is designed to connect to the 3-state side of theDCOOS 
transceiver. The DC006 has two 8-bit binary up-counters, one for the 
word (byte) count and another for bus address. Two DC006 ICs may e 
cascaded to increase register implementation. 

The chip is controlled by the address latch protocol chip (DC004), the 
DMA chip (DC010), and a minimum of ancillary logic. Both counters 
may be cleared simultaneously. Each counter is separately loaded by 
LD and the corresponding select line from the protocol chip. Each 
counter is incremented separately. The WC counter (word byte 
counter) is always incremented by one; the A counter (bus address) 
may be incremented by one or two for byte or word addressing, re¬ 
spectively. 

Data from the DC006 1C is placed on the 3-state bus via internal 3- 
state drivers. Each counter is separately read by RD and the corres¬ 
ponding select line. 
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Figure 7 is a block diagram of the DC0061C while Figure 8 Illustrates a 
simplified logic diagram. The DC006 pin/signal description is present¬ 
ed in Table 2. 


TRUTH TABLES 

WHERE: L - TTL LOW 

H = TTL HIGH 


X = DON'T CARE 
Z > HIGH IMPEDANCE 
I - HIGH TO LOW TRANSITION 


READ CONTROL 



INPUTS 


OUTPUTS 

LD 

RD-A 

-H 

RD 

S-A 

S-C 

D/F<7;0> 

L 

L 

L 

L 

CLEAR A&C AND READ C 

L 

L 

L 

H 

A<7:0> 

L 

L 

H 

L 

C<7:0> 

L 

L 

H 

H 

Z 

L 

H 

X 

X 

Z 

H 

L 

L 

L 

CLEAR A&C AND READ A 

H 

L 

L 

H 

A<7:0> 

H 

L 

H 

L 

A<7:0> 

H 

L 

H 

H 

A<7:0> 

H 

H 

L 

L 

CLEAR A&C AND READ A 

H 

H 

L 

H 

A<7:0> 

H 

H 

H 

L 

A<7:0> 

H 

H 

H 

H 

A<7:0> 


WRITE CONTROL 


INPUTS 

FUNCTION 

RD - A - L, RD - H 

S-A 

S-C 

LD 

i 

L 

L 

•ILLEGAL 

i 

L 

H 

L0ADA<7:0> 

1 

H 

L 

LOAD C<7:0> 

X 

H 

H 

WC/BA NOT SELECTED 

H 

L 

L 

CLEAR BOTH COUNTERS 

H 

L 

H 

LOADING DISABLED 

H 

H 

L 

LOADING DISABLED 


•ILLEGAL CONDITION BECAUSE A LOAD OPERATION AND A CLEAR 
OPERATION IS ATTEMPTED SIMULTANEOUSLY. RESULT OF THIS 
OPERATION IS TO CLEAR BOTH COUNTERS. 


MAX-A C 1 
S-AC 2 
CLK-AC 3 
RD-AC 4 
RDC S 

cntiaCb 

1 D/FC 7 

2 D/FC 8 
4 D/FC 9 

GNDC 10 


□ vcc 
□s-c 

□ ld 
□max-c 

□ CLK-C 
II128D/F 
D64 D/F 
l32 D/F 
D16 D/F 

D/F 
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DC010 DIRECT MEMORY ACCESS LOGIC (DEC #19-14038) 

The Direct Memory Access (DMA) chip is a 20-pin, 0.762 cm center X 
2.74 cm long (0.3 in. center X 1.08 in. long) DIP, low-power Schottky 
device for primary use in DMA peripheral device interfaces using the 
LSI-11 bus. 

This device provides the logic to perform the handshaking operations 
required to request and to gain control of the system bus. Once bus 
mastership has been established, the DC010 generates the required 
signals to perform a DATI, DATO, or DATIO transfer as specified by 
control lines to the chip. The DC010 1C has a control line that will allow 
multiple transfers or only four transfers to take place before giving up 
bus mastership. 

Figure 9 is a simplified logic diagram of the DC010 1C. The logic sym¬ 
bols and truth table are presented in Figure 10. Table 3 describes the 
signals and pins of the DC010 by pin and signal name. 



Figure 9 DC010 Simplified Logic Diagram 
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1 

DCOIO 20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 



Dvcc 

31NITL 


LOGIC SYMBOL 


TRUTH TABLE 
WHERE L = TTL LOW 
H = TTL HIGH 
X = DON T CARE 


INPUTS 

TRANSFER 

TYPE 

DATIN 

DATIO 

X 

L 

DATIO 

L 

H 

DAT I 

H 

H 

DATO 


Figure 10 DC010 Logic Symbol/Truth Tabie 
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DDV11 -B Backplane 
GENERAL 

The DDV11-B is an optional LSI-11 bus expansion backplane for use 
when additional logic space is required. The DDV11-B Is a 9 X 6, 54- 
slot backplane with a 9 X 4 slot section (18 individual double-height or 
9 quad-height module slots) prebused specifically for LSI-11 bus sig¬ 
nal, power, and ground connections. The remaining 9 X 2 slot section 
Is provided with -1-5 Vdc, GND, and -12 Vdc power connections only; 
this leaves the remaining pins free for use with any special double- 
height logic modules to be used In conjunction with the LSI-11 family 
of modules and bus requirements. 

DESCRIPTION 

The DDV11-B consists of an H034 system unit mounting frame, six 
H863, and three H8030 connector blocks, and the etched board bus 
structure necessary for signal routing. The etched board completely 
overlays the entire pin side of all connector blocks and Is recessed 
sufficiently to allow wire-wrapping on those same pins with 30 AWG 
wire. 

An optional card cage, type H0341, is also available to provide protec¬ 
tion against physical damage to modules and to serve as a card guide. 
The card cage completely surrounds the slot side of the system unit 
and Is shown In Figure 1. The DDV11-B can be mounted in the H909-C 
enclosure. 

NOTE 

The H909-C Includes the H0341 card guide. 



7920 - 2BW • A0169 


Figure 1 DDV11-B with H0341 Card Assembly 
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CONFIGURATION 
Module Slot Assignments 

Figure 2 shows the slot location assignments of the DDV11-B. Rows A, 
B, C, and D are dedicated to the LSI-11 bus. Any module which con¬ 
forms to the LSI-11 bus specifications may be used in this portion of 
the DDV11-B. The position numbers indicate the bus grant wiring 
scheme with respect to the processor module. The bus grant signals 
propagate through the slot locations in the position order shown in 
Figure 2 until they reach the requesting device. Any unused slots must 
be jumpered to provide bus grant signal continuity or it is recom¬ 
mended that unused locations occur only In the highest position 
numbered locations. 

Rows E and F contain the 18 user-defined slots with power and ground 
connections provided. 

Equipment Supplied 

The DDV11-B option consists of the following items: 

Six H863 connector blocks 
Three H8030 connector blocks 
Etched board bus structure 

Installation 

The DDV11-B can be mounted on panels or chassis using standard 
hardware. The overall dimensions of the unit are shown in Figure 3. 
The H034 mounting frame of the DDV11-B is provided with tapped 
holes and clearance holes to enable the attachment of the system unit. 

H0341 Card Assembly Mounting 

The card assembly provides nylon guides which help to guide and 
support the modules Installed in the system unit. The H0341 card 
assembly Is supplied with the hardware necessary to mount to the 
H034 mounting frame. Figure 4 shows the method of assembly. Two 
screws (Item 2) and two washers (item 1) are inserted through the 
clearance holes of the PC board and H034 mounting frame and into 
the two threaded inserts on each bracket of the card assembly. 
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PROCESSOR 

PROCESSOR OR OPTION 1 | 





-■| POSITIONS I 

1 OPTION POSITION 2 | 

1 1 




-I POSITION 4 I 

1 POSITION 5 1 

1 1 




-I POSITION? I 

1 POSITION 6 1 

1 1 




-| POSITIONS I 

1 POSITION 9 1 

1 1 







-| POSITION 11 1 

1 POSITION 10 1 

i 1 




-1 POSITION 12 1 

1 POSITION 13 1 

1 1 




•-| POSITION 15 1 

1 POSITION 14 1 

1 1 




-j POSITION 16 1 

1 POSITION 17 1 

1 .1 





ROW-A 


MODULE INSERTION SIDE 


USER DEFINED SLOTS 




Figure 2 DDV11-B Module Installation and Slot Assignments 
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POWER SIGNAL PINS 


BHALT L 





Figure 3 DDV11-B Power Wiring and Dimensions 
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Figure 4 H0341 Card Assembly Installation 


DC Power and Power Signal Connections 

DC power is supplied to the modules in the DDV11-B through the 
backplane PC board. The power and ground leads from the external 
source connect to the 7-position terminal board mounted on the edge 
of the PC board as shown in Figure 3. Any suitable connector termi¬ 
nals, solder or crimp style, may be attached to the power supply leads 
and inserted under the terminal strip screws. A jumper tab is mounted 
between the two +5 V screws and between the two ground (GND) 
screws on the terminal board. The total current capability of the 
DDV11 -B and the wire size required are as follows: 




Current 

Wire Size 

Terminal 


(Max) 

(AWG) 

+ 12V 


20 A 

14 

-H5V 

Jumped 

40 A 

14 

+5 V 




+5B 


20 A 


GND 

Jumped 

40 A 

14 

GND 




-12V 


20 A 



Figure 5 identifies the power signal pins which are located at the oppo¬ 
site end of the backplane PC board from the power terminal strip. A 
mating female connector (DIGITAL P/N 12-11206-02 or 3M P/N 3473- 
3 ) can be inserted over the pins and used to connect the external 
signals to the backplane. 
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Table 1 DDV11-B Backplane Pin Assignments 


CO 

c 

.9 

o 

0) 

c 

c 

o 

o 

■O 

c 

D 

o 

k_ 

O) 

■O 

c 

cc 

0) 

o 

Q. 

O 

■o 

■D 

c 

CO 

_co 

CO 

c 

O) 

CO 

CO 

3 


CO 


CD 


DDV11-B 


T- 11. 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

GND 

BLANK 

BLANK 

OJ 11. 

+5V 

-12V 

GND 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

T- UJ 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

GND 

BLANK 

BLANK 

CM UJ 

+5V 

-12V 

GND 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

BLANK 

1 

B&D 

BDCOK H 

BPOKH 

SSPARE4 

SSPARE5 

SSPARE6 

SSPARE7 

SSPARE8 

GND 

MSPAREB 

MSPAREB 

GND 

BSACK L 
BSPARE6 
BEVNT L 
PSPARE4 
GND 

PSPARE2 

+5 

2 

B&D 

+5V 

-12V 

GND 
+ 12V 
BDAL2 L 
BDAL3 L 
BDAL4 L 
BDAL5 L 
BDAL6 L 
BDAL7 L 
BDAL8 L 
BDAL9 L 
BDAL10L 
BDAL11 L 
BDAL12L 
BDAL13L 
BDAL14L 
BDAL15L 

1 

A&C 

BSPARE1 

BSPARE2 

BDAL17L 

BDAL16L 

SSPARE1 

SSPARE2 

SSPARE3 

GND 

MSPAREA 

MSPAREA 

GND 

BDMRL 

BHALTL 

BREFL 

PSPARE3 

GND 

+ 12B 

+5B 

2 

A&C 

+ 5V 
-12V 

GND 
+ 12V 
BDOUTL 
BRLPY L 
BDIN L 
BSYNC L 
BWTBT L 
BIRQL 
BIAKI L 
BIAKOL 
BBS7L 
BDMG 1 L 
BDMGOL 
BINIT L 
BDALOL 
BDAL 1 L 

Side 

Row 

^CQOQLLlLLX“3^_j^2!Q_QCCOh-3> 
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DLV11 SERIAL LINE UNIT 

SPECIFICATIONS 

Identification 

Size 

Power 

Bus loads 
AC 
DC 

CONFIGURATION 


M7940 

Double 

+5.0 Vdc db 5% at 1.0 A (1.6 A 
max) 

+12.0 Vdc ± 3% at 0.18 A (0.25 A 
max) 

2.5 

1.0 


General 

The user can select the register address, parity, number of data bits, 
number of stop bits, baud rate, and type of serial Interface. The de¬ 
scriptions of the registers and their standard factory addresses are 
listed In Table 1. Available jumpers are shown in Figure 1 and their 
applications are listed in Table 2. 


Table 1 

Standard Addresses 





Second 

Register 

Mnemonic 

Console 

Module 

Receiver control status 

RCSR 

177560 

176500 

Receiver data buffer 

RBUF 

177562 

176502 

Transmit control/status 

XCSR 

177564 

176504 

Transmit data buffer 

XBUF 

177566 

176506 

Standard vectors 

RCSR 

060 

300 


XCSR 

064 

304 
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CP-1801 


Figure 1 DLV11 Jumper Locations 
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Table 2 DLV11 SLU Factory Jumper Configuration 
Jumper Jumper 

Designation State* Function Implemented 


A3 

I 

This arrangement of jumpers A3 through 

A4 

R 

A12 implements the octal device ad- 

A5 

R 

dress 17756X, which is the assigned ad- 

A6 

R 

dress for the console device SLU. The 

A7 

I 

least significant digit is hardwired on the 

A8 

R 

module to address the four SLU device 

A9 

R 

registers as follows: 

A10 

R 

X = 0, RCSR address 

A11 

R 

X = 2, Receive data register address 

A12 

R 

X = 4, XCSR address 

X = 6, Transmit data register address 

V3 

I 

This jumper arrangement implements 

V4 

R 

the interrupt vector: 60 for received data 

V5 

R 

and 64 for transmitted data. 

V6 

I 


V7 

I 


NP 

R 

No parity 

2SB 

R 

Two stop bits 

NB2 

R 

Eight data bits 

NB1 

R 


PEV 

R 

Even parity If NP installed 

FEH 

I 

Halt on framing error 

EIA 

I 

12 V EIA operation enabled 

FRO 

R 


FR1 

R 

110 baud rate selected 

FR2 

R 


FR3 

R 


CL1 

I 

20 mA current loop active receiver and 
transmitter selected 

CL2 

I 


CL3 

I 

Jumpered with 180 ohm resistors 

CL4 

I 


* R = removed, I 

= installed 
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Addresses 

Addresses for the DLV11 can range from leOOOOg through 17777Xg. 
The least significant three bits (only bits 1 and 2 are used; bit 0 is 
ignored) address the desired register in the DLV11, as described in 
Table 1. 

Address bits 3 through 12 are jumper-selected as shown in Figure 2. 

Since each DLV11 module has four registers, each requires four ad¬ 
dresses. Addresses 177560-177566 are reserved for the DLV11 used 
with the console peripheral device. Additional DLV11 modules should 
be assigned addresses from 176500 through 176670, allowing up to 30 
additional DLV11 modules to be addressed. 


BOAL 

BITS 15 __ 8 7 _0 




ADDRESS JUMPERS'. 
INSTALLED«0 
REMOVED =1 



[o»CSR 
1 = DATA BUFFER 

_0= RECEIVER 

1 = TRANSMITTER 


RANGE' 160000* -177776b 


(PART OF 
FUNCTION 
DECODING) 


Figure 2 CSR Address Selection 


Word Format 

The word format for the Receiver Control/Status Register (RCSR) is 
detailed in Figure 3 and is described in Table 3. 


J_L 


J_L 


J_L 


DATASET 

STATUS 

(READONLY) 


RECEIVER 

DONE 

(READONLY) 


READER 
ENABLE 
(WRITE ONLY) 


RECEIVER 

INTERRUPT 

ENABLE 

(READ/WRITE) 


MR-0805 


Figure 3 Receiver Control/Status Register (RCSR) 
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Table 3 RCSR Word Format 


Bit Function 


15 Dataset Status — Set when CARRIER or CLEAR TO 

SEND and DATA SET READY signals are asserted 
by an EIA device. Read-only bit. 

14-8 Not used. Read as 0. 

7 Receiver Done — Set when an entire character has 

been received and is ready for input to the proces¬ 
sor. This bit is automatically cleared when RBUF is 
addressed or when the BDCOK H signal goes false 
(low). A receiver interrupt is enabled by the DLV11 
when this bit is set and receiver interrupt is enabled 
(bit 6 is also set). Read-only bit. 

6 Interrupt Enable — Set under program control to 

generate a receiver interrupt request when a charac¬ 
ter is ready for input to the processor (bit 7 Is set). 
Cleared under program control or by the BINIT sig¬ 
nal. Read/write bit. 

5-1 Not used. Read as 0. 

0 Reader Enable — Set by program control to advance 

the paper tape reader on a teletypewriter device to 
Input a new character. Automatically cleared by the 
new character’s start bit. Write-only bit. 

The receiver data buffer register (RBUF) word format Is shown In 

Figure 4 and described In Table 4. 


DATA AND PARITY 

(5-7 BIT DATA IS RIGHT JUSTIFIED. PARITY IS BIT 7. 

NO PARITY BIT IS PRESENT WHEN 8-BIT DATA IS USED.) 


MR-0806 

Figure 4 Receiver Data Buffer Register (RBUF) 
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Table 4 RBUF Word Format 


Bit Function 


15-8 Not used. Read as 0. 

7-0 Contains five to eight data bits in a right-justified 

format. MSB is the optionai parity bit. Read-oniy bits. 


The transmit controi/status register (XCSR) word format is shown in 
Figure 5 and described in Tabie 5. 


J_L 


J_L 


J_L 


TRANSMIT 

READY 

(READONLY) 


BREAK 

(READ/WRITE) 


TRANSMIT 

INTERRUPT 

ENABLE 

(READ/WRITE) 


MR-0807 

Figure 5 Transmitter Control/Status Register (XCSR) 


Table 5 XCSR Word Format 


Bit Function 


15-8 Not used. Read as 0. 

7 Transmit Ready — Set when XBUF is empty and can 

accept another character for transmission. It is also 
set during the power-up sequence by the BDCOK H 
signal. Automatically cleared when XBUF is loaded. 
When transmitter interrupt is enabled (bit 6 also set), 
an interrupt request is asserted by the DLV11 when 
this bit is set. Read-only bit. . 

6 Interrupt Enable — Set under program control to 

generate a transmitter interrupt request when the 
DLV11 is ready to accept a character for 
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Table 5 XCSR Word Format (Cont) 


Bit 

Function 


transmission. Reset under program control or by the 
BINIT signal. Read/write bit. 

5-1 

Not used. Read asO. 

0 

Break — Set or reset under program control. When 
set, a continuous space level is transmitted. BINIT 
resets this bit. Read/\«rite bit. 


The transmit data buffer register (XBUF) word format Is shown In 
Figure 6 and described In Table 6. 


Figure 6 Transmitter Data Buffer Register (XBUF) 


Table 6 XBUF Word Format 


Bit Function 


15-8 Not used. 

7-0 Contains five to eight right-justified data bits. Load¬ 

ed under program control for serial transmission to a 
device. Write-only bits. 


Interrupt Vectors 

Vectors can range from 0 through 37X^. Vectors 60 and 64 are re¬ 
served for the console peripheral device. Additional DLV11 modules 
should be assigned vectors following any DRV11 modules Installed In 
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the system starting at 300. Vector bits 3 through 7 are selectable by the 
user to form the address as described in Figure 7. The factory configu¬ 
ration will set the receiver interrupt vector for 060 and the transmitter 
interrupt vector will be set at 064. 


BOAL 

BITS 



I i i i I L 


VECTOR JUMPERS; 


0= RECEIVER 
I = TRANSMITTER 


INSTALLED*0 

REMOVED *1 RANGE«0-374, 


CP-I80J 


Figure 7 Interrupt Vector 


UART Operation 

The UART operation is programmed by using jumpers NP, 2SB, NB1, 
NB2, and PEV as shown beiow. 

Number of Data Bits 

NB1 NB2 

5 Instailed Installed 

6 Removed Installed 

7 Installed Removed 

8 Removed Removed 

Number of Stop Bits Transmitted 

2SB installed = One stop bit 
2SB removed = Two stop bits 

Parity Transmitted 

NP removed = No parity bit 

NP and PEV instailed = Odd parity 

NP installed and PEV removed = Even parity 

Baud Rate Selection 

Baud rate is programmed via jumpers FRO through FR3 as shown in 
Table 7. 
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Table 7 Baud Rate Selection 


Baud Rate 

FR3 

FR2 

FR1 

FRO 

50 

1 

1 

R 

1 

75 

1 

1 

R 

R 

110 

R 

R 

R 

R 

134.5 

1 

R 

1 

1 

150 

R 

R 

R 

1 

200 

1 

R 

1 

R 

300 

R 

R 

1 

R 

600 

1 

R 

R 

1 

1200 

R 

1 

R 

R 

1800 

R 

1 

R 

1 

2400 

1 

R 

R 

R 

2400 

R 

R 

1 

1 

4800 

R 

1 

1 

R 

9600 

R 

1 

1 

1 

External 
(via pin BH1) 

1 

1 

1 

X 

NOTE: 

1 = Installed 

X 

= Irrelevant 

R = Removed 
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EIA Interface 

EIA drivers are enabled when jumper EIA is installed. This jumper 
applies -12V to the EIA driver chip. It should be removed during 20 
mA current loop operation. 

20 mA Current Loop Interface 

Jumpers CL1 through CL4 are associated with 20 mA current loop 
interface operation. Remove or install CL1 and CL4 jumpers and CL2 
and CL3 180 ohm resistors for the desired function as described be¬ 
low. 

The active current loop jumper configuration is shown in Figures 8 and 
9. 

Transmit: CL4.jumper installed 

CL3 resistor installed 

Receive: CL1 jumper installed 

CL2 resistor installed 



Figure 8 20 mA Active Current Loop Jumper Configuration 
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DLV11 SERIAL LINE UNIT CIRCUITS BC05M CABLE ASSEMBLY SERIAL 20tnA DEVICE 




SERIAL IN¬ 


SERIAL OUT- 


SERIAL OUT + 
READER 
ENABLE - 

READER 
ENABLE + 


SERIAL IN + 


CP - 1804 


Figure 9 Active 20 mA Current Loop Interface 


The passive current loop jumper configuration is shown In Figures 10 
and 11. 

Transmit: CL4 jumper removed 

CL3 resistor removed 

Receive: CL1 jumper removed 

CL2 resistor removed 

The DLV11 is supplied with jumpers CL1 through CL4 wired for the 
active transmit, active receive mode (Figure 9). When In this mode, 
serial current limiting to 23 mA is provided by resistors (one each for 
transmit and receive functions) connected to the +12V source. Note 
that when module power is removed, the 20 mA transmit optical 
coupler closes the serial loop (active or passive mode). When the 
DLV11 is used in the passive 20 mA mode (Figure 11), the serial device 
must produce the 20 mA current. Current limiting must be provided 
for transmit and receive currents In the serial device. 
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Figure 10 Passive 20 mA Current Loop Interface 



Figure 11 20 mA Passive Current Loop Jumper Configuration 


Framing Error Halt 

A framing error halt allows entry to console microcode directly from j 
the console device by pressing the BREAK key, producing a framing | 
error. A framing error occurs when the received character has no valid | 
stop bit. This error condition is detected by the UART. FEH is factory- I 
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Installed, causing the assertion of BHALT L when the framing error Is 
detected. The processor then executes console microcode. 

Installation 

Prior to Installing the DLV11 on the backplane, first establish the de¬ 
sired priority level to determine the backplane slot in which the mod¬ 
ule will be installed. Then, check that jumpers are removed or installed 
as described for your application. Connection to the peripheral device 
is via an optional data interface cable. Cables are listed below. 

Application Cable Type* 

EIA Interface BC01V-X or BC05C-X Modem Cable 

20 mA Current Loop BC05M-X Cable Assembly 


The -X in the cable number denotes length in feet, as follows: -1, -6, -10, -20, 
-25. For example, a 10-ft EIA interface cable would be ordered as BC05C-10. 

Interfacing with 20 mA Current Loop Devices 

When interfacing with 20 mA current loop devices, the BC05M cable 
assembly provides the correct connections to the 40-pin connector on 
the DLV11. The peripheral device end of the cable is terminated with a 
Mate-’N’-Lok connector. 

The complete interface circuit provided by the BC05M cable and the 
associated DLV11 jumpers is shown in Figure 10. 

NOTE 

When the DLV11 is used with teletypewriter devices, 
a 0.005 /iF capacitor must be installed between split 
lugsTPI and TP2. 


After configuring the module jumpers and installing the proper inter¬ 
face cable, the DLV11 can be installed in the backplane. 

Interfacing with EIA-Compatible Devices 

When interfacing with EIA devices, the BC01V or BC05C modem cable 
provides the correct connection to the 40-pin connector on the DLV11. 
The peripheral device end of the cable is terminated with a Cinch 
DB25P connector that is pin-compatible with Bell 103 or 113 modems. 
Connector pinning and signal levels conform to EIA specification RS- 
232C. The complete EIA interface circuit is shown in Figure 12; jump¬ 
ers are shown in Figure 13. 
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OPTIONAL HARDWARE 


Cables 

BC05M 

BC05C 


20 mA; H856 to Mate-’N’-Lok female 
EIA; H856 to Cinch 2S-pin male. 




Figure 13 EIA Jumper Configuration 
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Connectors 

H856 

Cinch DB25S 


To module 
To BC05C 


Mate-’N’-Lok (male) 12-09340-01 connector 
Mate-’N’-Lok (male) 12-09378-01 contacts 
Mate-’N’-Lok (female) 12-09340-00 connector 
Mate-’N’rLok (female) 12-09379-01 contacts 

Miscellaneous 

BC05F 20 mA extension cable 


H312A 


BC03P 


(Mate-’N’-Lok to Mate-’N’-Lok) 
Null modem Cable 
(female Cinch to female Cinch) 
Null modem 
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DLV11-E ASYNCHRONOUS LINE INTERFACE 
GENERAL 

The DLV11 -E is an asynchronous line interface module that Interfaces 
the LSI-11 bus to any of several types of serial communications lines. 
The module receives serial data from peripheral devices, assembles It 
into parallel data, and transfers It to the LSI-11 bus. It accepts data 
from the LSI-11 bus, converts it into serial data, and transmits it to the 
peripheral devices. The DLV11-E offers full modem control and EIA- 
type Interface. 


FEATURES 

• Jumper- or program-selectable, crystal-controlled baud rates. 50, 
75, 110, 134.5, 150, 300, 600, 1200, 1800, 2000, 2400, 3600, 4800, 
7200, 9600, and 19,200. Split transmit and receive baud rates are 
possible. 

• Provisions for user-supplied external clock inputs for baud rate con¬ 
trol. 

• Jumper-selectable data bit formats. 

• LSI-11 bus interface and control logic for interrupt processing and 
vectored addressing of interrupt service routines. 

• Full modem control (Bell 103, 113, 202C, 202D, and 212-compati- 
ble). 


SPECIFICATIONS 

Identification 

Size 

Power 

Bus loads 
AC 
DC 


M8017 

Double 

-1-5.0 Vdc ±5%at1.0A 
-1-12.0 Vdc ±3% at 0.18 A 

1.6 

1.0 


180 








DLV11-E 


DESCRIPTION 

General 

Major functions contained on the DLV11-E are shown in Figure 1. 
Communications between the processor and the DLV11-E are execut¬ 
ed via programmed I/O operations or interrupt-driven routines. 


Bus Interface 

The bus interface circuit signal lines consist of data moving between 
the LSI-11 bus and the module’s internal tri-state bus. It decodes the 
device address and produces an address match (MATCH H) signal 
and it places interrupt vectors on the LSI-11 bus. The bus interface 
receives from the LSI'-II bus unless It Is switched to transmit to the 
LSI-11 bus. The interrupt logic can cause the bus Interface to transmit 
either a transmitter or receiver interrupt vector and the I/O control 
logic can cause the bus interface to transmit to or receive data from 
the LSI-11 bus. 


The bus Interface receives LSI-11 bus lines BDALOO L through 
BDAL15 L and places them on the module’s tri-state bus. If BBS7 L is 
asserted, the circuit decodes BDAL03 L through BDAL12 L and as¬ 
serts MATCH H. Jumpers A3-A12 are configured to allow the option to 
respond to specific device register addresses. Jumpers V3-V8 select 
the options’ interrupt vector. 


I/O Control Logic 

When the I/O control logic receives MATCH H from the bus interface, 
it decodes tri-state bus lines DATOO H through DAT02 H and selects 
the addressed device register. The I/O control logic exchanges bus 
control signals with the processor to perform Input and output data 
transfers. 
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Figure 1 DLV1 IrE Asynchronous Line interface Logic Block Diagram 
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During an interrupt transaction, VECTOR H from the interrupt iogic 
causes the circuit to assert BRPLY L in response to BDIN L. During 
data transactions, the I/O control logic asserts INWD L to switch the 
bus interface transceivers from receiving to transmitting. 


Control/Status Registers 

The receiver control/status register (RCSR) and the transmitter con¬ 
trol/status register (XCSR) are enabled by selection signals from the 
I/O control logic. The CSRs are byte addressable for reading status 
bits or writing control bits. 


Data Buffers 

The receiver buffer (RBUF) and transmitter buffer (XBUF) provide 
double-buffering, in that one byte of data can be held while another 
byte is entering or exiting. This allows asynchronous, full-duplex oper¬ 
ation. Data is handled in the low byte of the registers. The buffer 
control circuitry places receiver buffer error flag bits in the high byte of 
the RBUF. It also sends a status bit to the RCSR and a framing error bit 
(FE H) to the break logic. 

Receiver Active Circuit 

This circuit monitors the received serial data line and sets a status bit 
(RCVR ACT) as soon as the RBUF begins receiving data. It clears .the 
bit when a character of data has been received. 


Interrupt Logic 

The DLV11-E can generate transmitter interrupts. If the XBUF is ready 
to serialize another character of data and the transmitter interrupt 
enable bit is set in the XCSR, the interrupt logic requests to interrupt 
the processor (by asserting BIRQ L.) If the processor acknowledges 
via the BIAKI/BIAKO daisy-chain, the interrupt logic asserts VECTOR 
H and VECRQSTB H. These signals cause the bus interface to place 
the transmitter function interrupt vector address on the LSI-11 bus. 

The module also can request a receiver interrupt if the RBUF has 
received a character and the receiver interrupt bit is set in the RESR. 
When the interrupt request is acknowledged, the interrupt logic as¬ 
serts VECTOR H. VECTOR H causes the bus interface circuit to place 
the receiver function interrupt vector on the LSI-11 bus. (VECRQSTB 
H is used only for a transmitter interrupt.) 
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The DLV11-E also generates a receiver interrupt as a result of data set 
status. If the data set interrupt enable bit is set in the RCSR, a receiver 
interrupt will result from a change of state on any of the modem con¬ 
trol lines (ring, clear to send, carrier, or secondary received data). 

The interrupt acknowledge daisy-chain (BiAKI/BiAKO) passes 
through both the receiver and transmitter sections of the interrupt 
logic. It goes through the receiver section first, thereby giving the 
receiver channel priority over the transmitter channel. 


Baud Rate Control 

The baud rate control establishes the speed at which the data buffers 
handle serial data. It produces clock signals by dividing a crystal oscil¬ 
lator frequency by an amount selected by jumpers or the program. 
The circuit can be jumpered to generate either independent transmit¬ 
ter and receiver ciocks (split speed operation) or a common ciock 
(common speed operation). 

When the programmable baud rate enable bit is set in the XCSR, the 
baud rate control decodes tri-state bus lines DAT12 H through DAT15 
H. These bits control the receive baud rate in split speed operation 
and both transmit and receive baud rate in common speed operation. 
When programmable baud rate is not enabled, the baud rates are 
controlled by jumpers. In split speed operation, jumpers R0-R3 con¬ 
trol the receive baud rate and jumpers T0-T3 control the transmit baud 
rate. In common speed operation, R0-R3 controi both baud rates. 


The circuit also has provisions for a user-supplied external clock. 


Break Logic 

A break signal is a continuous spacing condition on the serial data 
line. If the break bit is set in the XCSR, the moduie will transmit a break 
signal to the peripheral device (normally another processor). If the 
module receives a break signal from the peripheral device (normaliy a i 
console device), the RBUF control circuitry interprets the absence of | 
stop bits as a framing error. The circuit can be jumpered to ignore the 
framing error, to place the processor in the halt mode, or to cause the j 

processor to reboot. The break logic asserts BHALT L to halt the | 

processor. It negates BDCOK H to reboot. 
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Maintenance Mode Logic 

The modules can check out their data paths up to (but not including) 
the peripheral interface circuit by looping the XBUFs serial output 
back to the RBUFS serial input. Data from the LSI-11 bus still goes to 
the peripheral device, but no data is received from the peripheral in 
this maintenance mode. The program can compare received (looped) 
data with transmitted data to check for errors. The maintenance mode 
is entered by setting the maintenance bit in the XCSR. 


Signal Peripheral Interface 

This circuit converts the module’s TTL levels to EIA standard levels for 
modem control. It receives ring, carrier, clear to send, and secondary 
received data from the data set. It transmits data terminal ready, re¬ 
quest to send, force busy, and secondary transmitted data to the data 
set. (Request to send and force busy are jumper-selectable.) If data 
set interrupts are enabled, a change in state on any of the received 
control lines initiates a receiver interrupt. Data is received on the 
received data line and transmitted on the transmitted data line. Hand¬ 
shake sequences are under program control. 

DC-to-OC Power Inverter 

The power inverter uses the +12V from the backplane to produce - 
12V for the peripheral interface and data buffer circuitry. It consists of 
an oscillator, rectifier, inductive charge pump, and a zener regulator. 


CONFIGURATION 

General 

The following paragraphs describe how the user can configure the 
module to function within his system. The user can select the register 
addresses, interrupt vectors, data format, baud rate, and interface 
mode. The descriptions of the registers and their standard factory 
addresses are listed in Table 1. The jumpers used on this module 
consist of wire-wrap pins to which the connections are made; their 
locations are shown in Figures 2 and 3. A complete listing of the 
jumpers and a description of their functions are contained in Table 2. 

Addresses for the DLV11-E can range from 160000 through M777Q^. 
The least significant three bits (only bits 1 and 2 are used; bit 0 is 
ignored) address the desired registers in the module, as described in 
Table 1. Address bits 3 through 12 are jumper-selected as illustrated 
in Figure 3. 
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Since each module has four registers, each requires four addresses. 
Addresses 177560—177566 are reserved for the module used with the 
console peripheral device. Additionai moduies should be assigned 
addresses from 175610 through 176176, ailowing up to 30 additional 
DLV11-E modules to be addressed. 


Table 1 Standard Assignments 


Description 


Register 

Receiver Controi/Status 
Receiver Data Buffer 
Transmit Controi/Status 
Transmit Data Buffer 

Interrupts 

Receiver 

Transmitter 


Console Second 

Mnemonic Module Module 


RCSR 

RBUF 

XCSR 

XBUF 


177560 

177562 

177564 

177566 


60 

64 


175610 

175612 

175614 

175616 


300 

304 
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Figure 2 DLV11-E Jumper Locations 
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JJ L 


I L 


J L 


BBS7 L 
•l(L) 



ADDRESS JUMPERS'. 
INSTALLED*! 
REMOVED *0 


0 • RECEIVER 
1 * TRANSMITTER 


}-' 


* CSR \ . 

* DATA BUFFER J 




0•LOW BYTE \ 
I * HIGH BYTE J 


RANGE * IGOOOOe- ITTTTGg 

Figure 3 DLV11-E Addressing 


Table 2 DLV11 -E Jumper Definitions 


NOTE 

Jumpers are inserted to enable the function they 
control except for those jumpers which indicate ne¬ 
gation (such as “-B” and “E”). Negated jumpers are 
removed to enable the functions they control. 


Jumper Function 


A3-A12 


V3-V8 


R0-R3 


T0-T3 


These jumpers correspond to bits 3 through 12 of 

the address word. When inserted, they will cause the 
bus interface to check for a true condition on the 
corresponding address bit. 

Used to generate the vector during an interrupt 
transaction. Each inserted jumper will assert the cor¬ 
responding vector bit on the LSI-11 bus. 

Receiver and transmitter baud rate select jumpers 
during common speed operation. 

Receiver-only baud rate select jumpers during split 
speed operation as defined In Table 3. 

Transmitter baud rate select jumpers during split 
speed operation. 

Both receiver and transmitter baud rate if mainte¬ 
nance mode is entered during split speed operation 
as defined in Table 3. 
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BG 

P 

E 

1.2 

PB 

C,C1 

S,S1 

H 


B,-B 


-FD 


-FR 


RS 

FB 

M,M1 


Jumper is inserted to enable break generation. 

Jumper is inserted for operation with parity. 

Removed for even parity; inserted for odd parity. 

These jumpers select the desired number of data 
bits, as defined in Table 4. 

Jumper is inserted to enable the programmable 
baud rate capability. 

These jumpers are inserted for common speed op¬ 
eration. (Note that S and SI must be removed when 
C and C1 are inserted.) 

Inserted for split speed operation. (Note that C and 
Cl must be removed when S and SI are Inserted.) 

This jumper Is inserted to assert BHALT L when a 
framing error is received, except when the mainte¬ 
nance bit is set. This places the processor in the halt 
mode. 

Jumper B is inserted to negate BDCOK H when a 
break signal or framing error is received, except 
when the maintenance bit is set. This causes the 
processor to reboot. (Jumper -B must be removed 
when B is Inserted.) 

Jumper is removed to force data terminal ready sig¬ 
nal on. 

Jumper is removed to force request to send signal 
on. 

This jumper is Inserted to enable normal transmis¬ 
sion of the request to send signal. 

Inserted to enable transmission of the force busy 
signal (for Bell model 103E data sets). 

These are test jumpers used during the manufacture 
of the module. They are not defined for field use. 
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Interrupt Vectors 

The interrupt vectors are selected by using jumpers V3 to V8. The 
standard configuration is shown in Figure 4 and Table 1. The vectors 
can range from 001 through 774. Note that vectors 60 and 64 are 
reserved for the console device. Additional DLV11-E modules should 
be assigned vectors following any DRV11 parallel Interface modules 
Installed in the system that start at address 300. 


SELECTED BY USER. I 
ASSERTED BY INTERRUPT 5 
LOGIC CIRCUIT . '— 


VECTOR JUMPERS: 
INSTALLED- 1 
REMOVED-0 


Lo. 


RECEIVER 
TRANSMITTER 
CONTROLLED BY INTERRUPT 
LOGIC CIRCUIT. 

RANGE-0-774 8 


Figure 4 DLV11-E Interrupt Vector 


Baud Rate Selection 

The DLV11-E allows the user to configure jumpers Tp-T3 and R0-R3 
for the transmit baud rate and the receiver baud rate as shown in 
Table 3. 

Data Bit Selection 

The number of data bits being transmitted or received by the DLV11-E 
is user-selectable by installing or removing jumpers 1 and 2. The 
specific number of data bits as controlled by the configuration of 
jumpers 1 and 2 is shown in Table 4. 

Factory Configuration 

The user can reconfigure any of the jumpers to make the module meet 
his requirements. The factory configuration as shipped is shown in 
Table 5 to help the user determine if any changes are required. 

Registers 

The word format for the DLV11-E CSR is shown in Figure 5 and its 
functions are described in Table 6. 
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Tables DLV11-E Baud Rate Selection 



Bit Bit 

Bit 

Bit 

Program Control 

15 14 

13 

12 

Receive Jumpers 
Baud 

R3 R2 

R1 

RO 

Transmit Jumpers 
Rate 

T3 T2 

T1 

TO 

50 

1 1 

1 1 

1 

1 

1 

R 

75 




110 

1 1 

R 

1 

134.5 

1 1 

1 R 

R 

1 

R 

1 

150 




300 

1 R 

1 

R 


1 R 

R 

1 

600 




1200 

1 R 

R 

R 


R 1 

1 

1 

1800 




2000 

R 1 

1 

R 


R 1 

R 

1 

2400 




3600 

R 1 

R 

R 

4800 

R R 

1 

1 

7200 

R R 

1 

R 

9600 

R R 

R 

1 

19200 

R R 

R 

R 


Bit 

ir 


I = jumper inserted = program bit cieared. 

R = jumper removed = program bit set. 

Bit 11 of the XCSR (write-only bit) must be set In order to select a new baud 
rate under program control. Also, jumper PB must be inserted to enable 
baud rate selection under program control. 
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Table 4 DLV11-E Data Bit Selection 


Jumpers 

Number of Data Bits 


2 

1 


1 

I 

5 

1 

R 

6 

R 

I 

7 

R 

R 

8 

Table 5 DLV11 -E Factory Jumper Configuration 

Jumper Jumper 

Designation State 

Function Implemented 



Jumpers A3 through A12 implement de¬ 

vice address 17561X. The least signifi¬ 
cant octal digit is hardwired on the mod¬ 
ule to address the four device registers 
as follows: 

X = 0 RCSR 

X = 2 RBUF 

X = 4 XCSR 

X = 6 XBUF 

This jumper selection implements inter¬ 
rupt vector address SOOg for receiver 
interrupts and SOAj for transmitter inter¬ 
rupts. 


This module is configured to receive at 
110 baud. 


A3 I 

A4 R 

A5 R 

A6 R 

A7 I 

A8 I 

A9 I 

A10 R 

All I 

A12 I 

V3 R 

V4 R 

V5 R 

V6 I 

V7 I 

V8 — R 

RO I 

R1 R 

R2 I 

R3 I 
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I 

I 


TO 

T1 

T2 

T3 


BG 

P 

E 

1 

I ^ 

I PB 

C 

C1 

S 

S1 

H 

B 

-B 

] 

FD 


RS 


j FB 

I 

; MT 

M 

M1 


I 

R 

R 

R 

I 

R 

R 


R 

R 

R 


R 

R 

R 

R 

I 


R 

R 

R 

R 

R 


DLV11-E 

The transmitter is configured for 9600 
baud if split speed operation Is used. 


Break generation Is enabled 
Parity bit Is disabled. 

Parity type Is not applicable when P is 
removed 

Operation with eight data bits per char¬ 
acter 

Programmable baud rate function dis¬ 
abled. 

Common speed operation enabled. 


Split speed operation disabled. 


Halt on framing error disabled. 

Boot on framing error disabled. 

The data terminal ready signal is not 
forced continuously true. 

The circuitry controlling the request to 
send signal is enabled. 

The force busy signal Is disabled. 

Error flags are enabled. 

Maintenance bit is disabled. 

Factory test jumpers. Not defined for 
field use. 


I DATA 

SET 

I 

RING 

CLR 

TO 

SEND 

CAR 

OET 

RCVR I 

ACT 

I SEC I 

REC 

-T"^— I 

RESERVED 

L , I 

RCVR 

I DONE 

Ub 

RCVR 

INT 

ENB 

05 

DSET I 

INT 

ENB 

04 

NOT 

I USED 

03 

I SEC I 

XMIT 

02 

r 

TO 

I SEND 

01 

DTR 

00 

1 not I 

USED 


1i - 4964 

Figure 5 DLV11-E RCSR Register Word Format 
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Table 6 DLV11 -E RCSR Bit Assignments 

Bit: 15 Name: DATA SET INT 

Description: (Data Set Interrupt) 

This bit initiates an interrupt sequence provided the DSET INT ENB 
(bit 5) is also set. 

This bit is set whenever CAR DET. CLR TO SEND, or SEC REC 
changes state, i.e., on a 0 to 1 or 1 to 0 transit on of any one of these 
bits It Is also set when RING changes from 0 to 1. 

Cleared by INIT or by reading the RCSR. Because reading the register 
ciears the bit, it is, in effect, a “read-once” bit. 

Bit: 14 Name: RING , 

Description: When set, indicates that a ringing signal is being re¬ 
ceived from the data set. Note that the ringing signal is not a level but 
an EIA control with a duty cycle of 2 seconds ON and 4 seconds OFF. 

Read-only bit. 

Bit: 13 Name: CLR TO SEND 

Description: (Clear to Send) , 

This state of this bit is dependent on the state of the clear s®nd 
signal from the data set. When set, this bit indicates an ON condition, 
when clear, it indicates an OFF condition. 

Read-only bit. 

Bit: 12 Name: CAR DET 

Description: (Carrier Detect) 

This bit is set when the data carrier is received. When clear, it 
either the end of the current transmission activity or an error condition. 

Read-only bit. 

Bit: 11 Name: RCVRACT 

Description: (Receiver Active) 

When set, this bit indicates that the DLVIl-E’s receiver is a^iye. The 
bit is set at the center of the start bit, which is the beginning of the input 
serial data from the device, and is cleared by the leading edge of 

Re^-on'iy bit; cleared by INIT or by RDONE H (bit 7). 

Bit: 10 Name: SEC REC ^ r» * \ 

Description: (Secondary Received or Supervisory Received Da a) 
This bit provides a receive capability for the reverse channel of a 
remote station. A space (+6V) is read as a 1. (A transmit capability is 
provided by bit 3.) 

Read-only bit. 
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Bit: 9-8 Name: Not Used 
Description: Reserved for future use. 


Bit: 7 Name: RCVR DONE 

Description: (Receiver Done) 

This bit is set when an entire character has been received and is ready 
for transfer to the processor. When set, initiates an interrupt sequence 
provided RCVR iNT ENB (bit 6) is aiso set. 


Cieared whenever the receiver buffer (RBUF) is addressed. Aiso 
cieared by INIT. 


Read-oniy bit. 

Bit: 6 Name: RCVR INT ENB 

Description: (Receiver Interrupt Enable) 

When set, allows an interrupt sequence to start when RCVR DONE (bit 
7) sets. 

Read/write bit; cleared by INIT. 

(See Note 1.) 

Bit: 5 Name: DSET INT ENB 

Description: (Data Set Interrupt Enable) 

When set, allows an interrupt sequence to start when DATA SET INT 
(bit 15) sets. 

Read/write bit; cleared by INIT. 

(See Note 1.) 

Bit: 4 Name: Not Used 

Description: Reserved for future use. 

Bit: 3 Name: SEC XMIT 

Description: (Secondary Transmitted or Supervisory Transmitted 
Data) 

This bit provides a transmit capability for a reverse channel of a re¬ 
mote station. When set, transmits a space (approx. + 11.5V). (A re¬ 
ceive capability is provided by bit 10.) 

Read/write bit; cleared by INIT. 

Bit: 2 Name: REQ TO SEND 

Description: (Request to Send) 

A control lead to the data set which is required for transmission. A 
jumper on the DLV11-E ties this bit to REQ TO SEND or force busy in 
the data set. 

Read/write bit; cleared by INIT. 
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Bit: 1 Name: DTP 

Description: (Data Terminal Ready) 

A control lead for the data set communication channel. When set, 
permits connection to the channel. When clear, disconnects the inter¬ 
face from the channel. 

Read/write bit; must be cleared by the program; is not cleared by INIT. 
(See Note 2.) 

notes 

1. When clearing an interrupt enable bit, first set the appropriate 
processor status bit = 1. After the interrupt enable bit at the mod¬ 
ule is cleared, the processor may be returned to its normal 
priority. 

2. The state of this bit is not defined after power-up. 

3. INIT = LSI-11 bus BINIT signal assertion. 

The word format for the DLV11-E RBUF register is shown in Figure 6 
and its functions are described in Table 7. 


14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

error 

OR 

err 

FR 

ERR 

P 

ERR 

RESERVED 

RECEIVED DATA BITS j 


Figure 6 DLV11-E RBUF Register Word Format 


Table 7 DLV11-E RBUF Bit Assignments 

Bit: 15 Name: ERROR 

Description: (Error) 

Used to indicate that an error condition is present. This bit is the 
logical OR of OR ERR, FR ERR, and P ERR (bits 14, 13, and 12, 
respectively). Whenever one of these bits is set, it causes error to set. 
This bit is not connected to the interrupt logic. 

Read-only bit; cleared by removing the error-producing condition. 

NOTE 

Error indications remain present until the next char¬ 
acter is received, at which time the error bits are 
updated. INIT clears the error bits. 

Bit: 14 Name: OR ERR 

Description: (Overrun Error) 

When set, indicates that reading of the previously received character 
was not completed (RCVR DONE not cleared) prior to receiving a new 
character. 

Read-only bit. Cleared by INIT. 
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Bit: 13 Name: FRERR 

Description: (Framing Error) 

When set, indicates that the character that was read had no valid stop 
bit. 


Read-only bit. Cleared by INIT. 

Bit: 12 Name: PERR 

Description: (Parity Error) 

When set, indicates that the parity received does not agree with the 
expected parity. This bit is always 0 if no parity is selected. 

Read-only bit. Cleared by INIT. 

Bit: 11-8 Name: Not Used 
Description: Reserved for future use. 

Bit: 7-0 Name: RECEIVED DATA 

Description: Holds the character just read. If less than eight bits are 
selected, then the buffer is right-justified into the least significant bit 
positions. In this case, the unused bits are read as Os. 

Read-only bits; not cleared by INIT. 


NOTE 

INIT = LSI-11 bus BINIT signal assertion. 

The word format for the DLV11-E XCSR register is shown in Figure 7 
and its functions are described in Table 8. 


PBR 

SEL 

3 

PBR 

SEL 

2 

PBR 1 PBR 

SEL 1 SEL 

1 1 0 

PBR 

SEL 

ENB 

RESERVED 

XMIT 

ROY 

XMIT 

INT 

ENB 

u** Uo 

RESERVED 

UZ 

MAINT 

Of 

RE¬ 

SERVED 

DO 

BREAxj 


rigure 7 DLV11-E XCSR Register Word Format 


Tables DLV11-E XCSR Bit Assignments 

Bit: 15-12 Name: PBRSEL 

Description: (Programmable Baud Rate Select) 

When set, these bits choose a baud rate from 50-9600 baud 
See Table 3. 

Write-only bits. 

Bit: 11 Name: PBR ENB 

Description: (Programmable Baud Rate Enable) 

This bit must be set in order to select a new baud rate inciated by bits 
12 to 15. 

Write-only bits. 
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Bit: 10-8 Name: Not Used 
Description: Reserved for future use. 


Bit: 7 Name: XMIT RDY 

Description: (Transmitter Ready) 

This bit is set when the transmitter buffer (XBUF) can accept another 
character. When set. it initiates an interrupt sequence provided XMIT 
INT ENB(bit6) is also set. 

Bit: 6 Name: XMIT INT ENB 

Description: (Transmitter Interrupt Enable) 

When set, allows an interrupt sequence to start when XMIT RDY (bit 7) 
is set. 


Read/write bits; cleared by INIT. 
(See Note.) 


Bit: 5-3 Name: Not Used 
Description: Reserved for future use. 


Bit: 2 Name: MAINT 

Description: Used for maintenance function. When set, connects the 
transmitter serial output to the receiver serial input while disconnect¬ 
ing the external device from the receiver serial Input. It also forces the 
receiver to run at transmitter baud rate speed when common speed 
operation Is enabled. 


Read/write bit; cleared by INIT. 


Bit: 1 

Description: 
Bit: 0 

Description: 

device. 


Name: Not Used. 

Reserved for future use. 

Name: BREAK 

When set, transmits a continuous space to the external 


Read/write bit; cleared by INIT. 


NOTE 

When clearing an interrupt enable bit, first set the 
appropriate processor status word bit = 1. After the 
Interrupt enable bit at the module Is cleared, the 
processor may be returned its normal priority. 


The word format for the DLV11-E XBUF register Is shown In Figure 8 
and its functions are described In Table 9. 
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19 


08 

07 


00 

1 

RESERVED 

1 


TRANSMITTER DATA BUFFER 

Z1 


Figures DLV11-EXBUF Register Word Format 


Tables DLVII-EXBUF Bit Assignments 

Bit: 15-8 Name: Not Used 

Description: Not defined. Not necessarily read as Os. 

Bit: 7-0 Name: TRANSMITTER DATA BUFFER 

Description: Holds the character to be transferred to the external 
device. If less than eight bits are used, the character must be loaded 
so that it is right-justified into the least significant bits. 

Write-only bits. Not necessarily read as Os. 

Installation 

Prior to installing the DLV11-E on the backplane, first establish the 
desired priority level to determine the backplane slot in which the 
module will be installed. Then, check that module configuration jump¬ 
ers are configured as required for your application. Connection to the 
peripheral device is via an optional BC05C-X* modem cable for EIA 
interface applications. 

The BC05C cable provides the correct connection to the 40-pin con¬ 
nector on the DLV11-E. The peripheral device end of the cable is 
terminated with a Cinch DB25P connector that is pin-compatible with 
Bell 103, 113, 202C, 202D, and 212 modems. Connector pinning and 
signal levels conform to EIA specification RS-232C. The EIA interface 
circuit is shown in Figure 9; jumpers are shown in Figure 2. 


*X= Length in feet. Standard length is 25 feet. 
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Figures DLV11-E Peripheral InterfaceSignai Flow 
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DLV11-F ASYNCHRONOUS LINE INTERFACE 

GENERAL 

line interface module interfaces the LSI- 
The mnH.Ho ^ Standard types of serial communications lines 
into peripheral devices, assembles it 

DerTr>Spri; H “ ‘"‘o serial data, and transmits it to the 

or EuStSnSrH r®’ supports either 20 mA current loop 

or ElA-standard lines, but does not include modem control. 

FEATURES 

• ‘^^stal-controlled baud rates: 50. 

pSibl^ ’ are 

• Provisions for user-supplied external clock inputs for baud rate con- 

• Jumper-selectable data bit formats. 

• '"terrupt processing and 
vectored addressing of interrupt service routines. 

. Control, status, and data buffer registers directly accessible via 
processor instructions. 

• Support for “data leads only” modem (Bell type 103.113). 

• Generation of reader run signal for use with ASR-type terminals 
(when equipped with reader run relay). 

SPECIFICATIONS 

Identification 

Size 


Power 

Bus loads 
AC 
DC 


M8028 

Double 

+5.0 Vdc ±5% at 1.0 A 
+ 12.0 Vdc ±3% at 0.18 A 


2.2 

1.0 


DESCRIPTION 

General 

Major functions of the DLV11-F are shown in Figure 1 Communica 

oTammelTlm" P-’o^essor and the DLV11 are executed via pro¬ 
grammed I/O operations or interrupt-driven routines ^ 
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DLV11-F Asynchronous Line Interface Logic Block Diagram 
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Bus Interface 

thp®I'iTif o' "loving between 

e LSI-11 bus and the module’s internal tri-state bus. The interface 

decodes the device address and produces an address match (MATCH 
H) signal and places interrupt vectors on the LSI-11 bus. The interface 

L?;!;TLs°Thrint'"''^: '■' " transit s 

PiThJrl The nterrupt logic can cause the bus interface to transmit 
either a transmitter or a receiver interrupt vector; the I/O control looic 
can cause the Intertaca to transmit or raoalvo daU to or fr?,!: me LSt! 

The interface receives LSI-11 bus lines BDALOO L through BDAL15 L 
nd places them on the module’s tri-state bus. If BBS? L Is asserted 
the circuit decodes BDAL03 L through BDAL12 L and asserts MATCH 
H. Jumpers A3-A12 are configured to let the option respond to specif- 
ru?vTctor®'®*®' addresses. Jumpers V3-V8 seiect the option’s mter- 

I/O Control Logic 

receives MATCH H from the bus interface 
It decodes tri-state bus lines DATOO H through DAT02 H and selects 
the addressed device register. The I/O control logic exchangefbus 

tTansfLri?"nProcfessor to perform input and output data 
transfers. During an interrupt transaction, VECTOR H from the 

*^® response to 

transactions, the I/O control logic asserts^lNWD L 
to switch the bus interface transceivers from receiving to tranirng 

Control/Status Registers 

control/status register (RCSR) and the transmitter con- 
trol/status regist®r (XCSR) are enabled by selection signals from the 

hiS ® byte addressable for reading status 

bits or writing control bits. 

Data Buffers 

I^nhlfH'rr®' transmitter buffer (XBUF) provide 

bvH ^ held while another 

y e IS entering or exiting. This allows asynchronous, full duplex oper¬ 
ation. Data IS handled in the low byte of the registers. Tflrbuffer 

the RBUFTalY'^'^H®'’®®®‘''®''®"’°'' ‘be high byte of 
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Receiver Active Circuit 

This circuit monitors the received seriai data line 

(RCVR ACT) as soon as the RBUF begins receiving data. It clears the 

bit when a full character of data has been received. 

The DLV11-F can generate transmitter interrupts. If the XBUF is ready 
to serialize another character of data and the fansinitter 
enable bit is set in the XCSR, the interrupt logic requests to interrupt 
the processor (by asserting BIRQ L). If the 

via the BIAKI/BIAKO daisy-chain, the interrupt logic asserts VECTO 
H and VECRQSTB H. These signals cause the bus interface to place 
the transmitter function interrupt vector address on the LSI-11 bus. 

The module also can request a receiver interrupt if the has 

received a character and the receiver interrupt bit is set in the RCSR. 
When the interrupt request is acknowledged, the ^ 

serts VECTOR H VECTOR H causes the bus interface circuit to place 
-Ser .unction interrupt vector address on the USI-tl bus. 
(VECRQSTB H Is used only for a transmitter Interrupts) 

The interrupt acknowledge daisy-chain 

through both the receiver and transmitter sections of the inter up 
logic It goes through the receiver section first, thereby giving the 
receiver channel priority over the transmitter channel. 

The baud^atfcontrol establishes the speed at which the data buffers 
handle serial data. It produces clock signals by dividing a crystal oscM- 
lator frequency by an amount selected by jumpers or by the program. 
The circuit can be jumpered to generate either independent transmit¬ 
ter and receiver clocks (split speed operation) or a common clock 
(common speed operation). 

When the programmable baud rate enable bit ^ set in the XCSa the 
baud rate control decodes tri-state bus lines DAT12 H through DAT 
H These bits control the receive baud rate in split speed operation 
and both transmit and receive baud rate in common speed operation. 
When programmable baud rate Is not enabled, the baud rates are 
controlled by jumpers. In split speed operation, jumpers R0-R3 con¬ 
trol the receive baud rate and jumpers T0-T3 control the transmit baud 
rate. In common speed operation, R0-R3 control both baud rates. 

The circuit has provisions for a user-supplied external clock. 
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Break Logic 

continuous spacing condition on the seriai data 

sionJ the XCSR. the module will transmit a break 

^gnal to the peripheral device (normally another processor). If the 

rontoi! H I*"'®®" Pe'-*Pheral device (no mally a 

To bits?,Tfabsence Of 
top bits as a framing error. The circuit can be jumpered to ignore the 

aming error, to place the processor in the halt mode, or to cause the 
processor to reboot. The break logic asserts BHALT L to halt Je 
processor. It negates BDCOK H to reboot. 


Maintenance Mode Logic 

can check out their data paths up to (but not including) 

Lark m th Lti'.c® ® ^BUFs serial output 

back to the RBUF s serial input. Data from the LSI-11 bus still goes to 

he peripheral device, but no data is received from the peripheral in 

P''09''afTi can compare received (looped) 

IS int^PH *® ®''^°^®- ■^'’® maintenance mode 

IS entered by setting the maintenance bit in the XCSR. 


Peripheral Interface 

This circuit can be jumpered to support either EIA-Ievel data leads (no 
modem control) or 20 mA current loop modes. When interfadng EIA- 
Ievel data leads (“data leads only” operation), request to send^orce 
busy, and data terminal ready are continuously true by separate EIA 
drivers. No modem control signals are received. 

In the current loop mode of operation, the circuit uses optical isolators 
Sipr-fh?° operation is jumper- 

retSrSrcu'i iTy 

The peripheral interface aiso produces a reader run current to ad- 

tk'^®'^ *®'^® ® Peripheral equipped with a reader 

run relay. This is controlled by the reader enable bit in the DLV11-Fs 
HUoR. 


DC-to-DC Power Inverter 

IJuf®'!'!' ‘"''®'*®''''®®® *^® ‘i’® backplane to produce - 

12V for the peripheral interface and data buffer circuitry. It consists of 
an oscillator, rectifier, inductive charge pump, and a zener regulator. 


205 











DLV11-F 


CONFIGURATION 

The"^oHowing paragraphs describe how the user can co"Jigure ^ 
module to function within his system. The user can select the register 
addresses, interrupt vectors, data format, baud rate, and '"terface 
mode The registers and their standard factory addresses are listed m 
Table 1 The jumpers used on this module consist of wire-wrap pins to 
which the connections are made; their locations are shown '" Figure 2^ 
A complete listing of the jumpers and a description of their functions 

are listed in Table 2. 

Addresses^for the DLV11-F can range from 160000* through 177770*. 
The least significant three bits (only bits 1 and 2 are used; bit 0 is 
ignored) address the desired registers in the module, as shown m 
Table 1. Address bits 3 through 12 are jumper-selected as shown in 
Figures. 

Since each module has four registers, each requires four ad^dresses. 
Addresses 177560—177566 are reserved for the module used with the 
console peripheral device. Additional modules should be assigned 
addresses from 176500 through 176670, allowing up to 30 additional 
DLVI1-F modules to be addressed. 

Interrupt Vectors .„ -. 

The interrupt vectors are selected by using jumpers VO to V8. The 
standard configuration is shown in Figure 4 and Table 1. The vecto s 
can range from 001 through 774*. Note that vectors 60* and 64* a e 
reserved for the console device. Additional DLVI 1-F modules should 
be assigned vectors foilowing any DRV11 peripherai interface module 
installed in the system that starts at address 300*. 


Table 1 Standard Assignments 


Description 

Mnemonic 

Console 

Module 

Second 

Module 

Register 

Receiver Control/Status 

RCSR 

177560 

176500 

Receiver Data Buffer 

RBUF 

177562 

176502 

Transmit Controi/Status 

XCSR 

177564 

176504 

Transmit Data Buffer 

XBUF 

177566 

176506 

Interrupts 

Receiver 


60 

300 

Transmitter 


64 

304 
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Figure 2 DLV11-F Jumper Locations 
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Table 2 DLV11 -F Jumper Definitions 


NOTE 

Jumpers are inserted to enable the function they 
control except for those jumpers which indicate ne¬ 
gation (such as “-B” and “E”). Negated jumpers are 
removed to enable the functions they control. 


Jumper 

A3-A12 

V3-V8 

R0-R3 

T0-T3 

BG 

P 

E 

1.2 

PB 

C,C1 


Function 

These jumpers correspond to bits 3 through 12 of 

the address word. When inserted, they cause the 
bus Interface to check for a true condition on the 
corresponding address bit. 

Used to generate the vector during an Interrupt 
transaction. Each inserted jumper asserts the cor¬ 
responding vector bit on the LSI-11 bus. 

Receiver and transmitter baud rate select jumpers 
during common speed operation. 

Receiver-only baud rate select jumpers during split 
speed operation, as defined in Table 3. 

Transmitter baud rate select jumpers during split 
speed operation. 

Both receiver and transmitter baud rate if mainte¬ 
nance mode is entered during split speed operation, 
as defined in Table 3. 

Jumper Is inserted to enable break generation. 
Jumper is inserted for operation with parity. 

Receiver checks for appropriate parity and transmit¬ 
ter Inserts appropriate parity. 

These jumpers select the desired number of data 
bits, as defined in Table 4. 

Jumper Is inserted to enable the programmable 
baud rate capability. 

These jumpers are inserted for common speed op¬ 
eration. (Note that S and SI must be removed when 
C and Cl are Inserted.) 
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S,S1 

H 


B, -B 


1A, 2A, 3A 


1P, 2P 


4A, 5A 


3P, 4P 

EF 

M, M1 


Inserted for split speed operation. (Note that C and 
Cl must be removed when S and S1 are inserted.) 

This jumper is inserted to assert BHALT L when a 
framing error is received, except when the mainte¬ 
nance bit is set. This places the processor in the halt 
mode. 

Jumper B is inserted to negate BDCOK H when a 
break signal or framing error is received, except 
when the maintenance bit is set. This causes the 
processor to reboot. (Jumper -B must be removed 
when B is inserted.) 

These three jumpers are inserted to make the 20 mA 
current ioop receiver active. (Jumpers 1P and 2P 
must be removed when 1A, 2A, and 3A are inserted.) 

These jumpers are inserted to make the 20 mA cur¬ 
rent loop receiver passive. (Jumpers 1A, 2A, and 3A 
must be removed when 1P and 2P are instailed.) 

Inserted to make the 20 mA current loop transmitter 
active. (Jumpers 3P and 4P must be removed when 
4A and 5A are inserted.) 

Inserted to make the 20 mA current loop transmitter 
passive. (Jumpers 4A and 5A must be removed 
when 3P and 4P are inserted.) 

Jumper is removed to enable the error flags to be 
read in the high byte of the receiver buffer. 

These are test jumpers used during the manufacture 
of the moduie. They are not defined for fieid use. 
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address jumpers: 


installed*! 

REMOVED *0 


0 * RECEIVER \ - 
1 =transmitterJ 


0 « LOW BYTE \ 
1 = HIGH BYTE J 


RANGE = IGOOOOe- 1777768 


Figures DLV11-F Addressing 


SELECTED BY USER - ^ 
ASSERTED BY INTERRUPT > 

logic circuit 


I I M I I L 

' m m 


VECTOR JUMPERS: 

installed* 1 

REM0VED*0 


0«RECEIVER 

1 .transmitter 

CONTROLLED BY INTERRUPT 

logic circuit. 

RANGE *0-7748 


MR-1694 

Figure 4 DLV11-F Interrupt Vectors 


Bdud Rste Selection oriH ro r*^ 

The DLV11-F allows the user to configure jumpers T0-T3 and R0-R3 
W .heransmlt baud -ata and the ranaiva, baud ,ata aa aho«n ,n 

Table 3. 

Data Bit Selection . ^ m wn p ic 

The number of data bits transmitted or .received by the DLV 11 -F s 
user-selectable by installing or removing jumpers 1 and 2. The specif 
ic number of data bits as controlled by the configuration of jumpers 1 
and 2 is shown in Table 4. 
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Table 3 DLV11 -F Baud Rate Selection 



Bit 

Bit 

Bit 

Bit 

Bit 

Program Control 

15 

14 

13 

12 

11* 

Receive Jumpers 

R3 

R2 

R1 

RO 

Baud 

Transmit Jumpers 

T3 

T2 

T1 

TO 

Rate 


I 

1 

1 

1 

50 


I 

1 

1 

R 

75 


I 

1 

R 

[ 

110** 


I 

1 

R 

R 

134.5 


I 

R 

1 

1 

150 


I 

R 

1 

R 

300 


I 

R 

R 

1 

600 


I 

R 

R 

R 

1200 


R 

1 

1 

1 

1800 


R 

1 

1 

R 

2000 


R 

1 

R 

1 

2400 


R 

1 

R 

R 

3600 


R 

R 

1 

1 

4800 


R 

R 

1 

R 

7200 


R 

R 

R 

1 

9600 


R 

R 

R 

R 

19200 


I = Jumper inserted = program bit cleared 
R = Jumper removed = program bit set 


Bit 11 of the XCSR (write-only bit) must be set in order to select a new baud 
rate under program control. Also, jumper PB must be inserted to enable 
baud rate selection under program control. 

** When configured for 110 baud, the UART is set tor two stop bits. 

Table 4 DLV11-F Data Bit Selection 


Jumpers Number of Data Bits 

2 1 


' R 6 

R I 7 

R R 8 


I 
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Factory Configuration _ 

The user can reconfigure any of the jumpers to make the module meet 
his requirements. The factory configuration, as shipped, is shown in 
Table 5 to assist the user in determining what changes are needed. 


Tabie 5 

DLV11-F Factory Jumper Configuration 

Jumper 

Jumper 

Function Impiemented 

Designation 

State 

A3 

R 

Jumpers A3 through A12 implement de- 

A4 

I 

vice address 17756X. The least signifi- 

AS 


cant octal digit is hardwired on the mod- 

A6 

I 

ule to address the four device registers 

A7 

R 

as follows: 

A8 

I 


A9 

I 

x = 

A10 

I 

0 RCSR 

A11 

I 

X = 

A12 

I 

2 RBUF 

X = 

4 XCSR 

X = 6 XBUF 

V3 

R 

This jumper selection implements inter¬ 

V4 

I 

rupt vector 60g for receiver Interrupts 

V5 

I 

and 648 for transmitter interrupts. 

V6 

R 


V7 

R 


V8 

R 


RO 

I 

The module is configured to receive at 

R1 

R 

110-baud. 

R2 

I 


R3 

I 


TO 

I 

The transmitter is configured for 9600 

T1 

R 

baud if split speed operation is used. 

T2 

R 


T3 

R 


BG 

I 

Break generation is enabled. 
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Parity bit is disabled. 

E 

R 

Parity type is not applicable when P is 

1 

o 

R 

removed 

Operation with eight data bits per char¬ 


R 

acter. 

PB 

R 

Programmable baud rate function dis¬ 

O O 

1 

1 

abled. 

Common speed operation enabled. 

S 

SI 

R 

R 

Split speed operation disabled. 

H 

1 

Halt on framing error enabled. 

B 

-B 

R 

1 

Boot on framing error disabled. 

1A 

2A 

3A 

1 

The 20 mA current loop receiver is con¬ 

1 

1 

figured as an active receiver. 

IP 

R 


2P 

R 


4A 

5A 

3P 

1 

The 20 mA current loop transmitter is 

1 

R 

configured for active operation. 

4P 

R 


EF 

1 

Error flags are disabled. 

MT 

R 

Maintenance bit disabled. 

M 

R 

Factory test jumpers. Not defined for 

Ml 

R 

field use. 


Registers 

The word format for the DLV11-F RCSR is shown in 
functionaily described in Table 6. 


Figure 5 and 


1 ^^-'- 1 

RESERVED 

1-^-L I 1 

RCVR 

ACT 

1-- 

RESERVED 

I -1-1 

Uf 

RCVR 

DONE 

06 

RCVR 

INT 

ENB 

05 04 03 02 01 

1 1 T-^l-1- 

RESERVED 

1-^^- -1 _L 1 

00 

RDR 

ENB 


Figures DLV11-F RCSR Word Format 
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Tables DLV11-F RCSR Bit Assignments 

Bit: 15-12 Name: Not used 
Description: Reserved for future use. 

Bit: 11 Name: RCVRACT 

Description: (Receiver Active) 

When set, this bit indicates that the DLV11-F interface receiver is ac¬ 
tive. The bit is set at the center of the start bit, \which is the beginning of 
the input seriai data from the device and is cleared by the leading edge 
of RDONEH. 

Read-only bit; cleared by INIT or by RCVR DONE (bit 7). 


Bit: 10-8 
Description: 

Bit: 7 

Description: 


Name: Not used 
Reserved for future use. 

Name: RCVR DONE 

uescripiiuii^ (Receiver Done) . . • j 

This bit is set when an entire character has been received and is ready 
for transfer to the processor. When set, initiates an interrupt sequence 
provided RCVR INT ENB (bit 6) is also set. 

Read-only bit. 

Bit- 6 Name: RCVR INT ENB 

7) sets. 

Read/write bit; cleared by INIT. 

Bit: 5-1 Name: Not used 
Description: Reserved for future use. . 

Bit: 0 Name: RDR ENB 

Description: (Reader Enable) 

When set, this bit advances the paper tape reader in 

tied TTY units (LT33-C, LT35-A, C) and clears the RCVR DONE bit (bit 

7). 

This bit is cleared at the middle of the start bit, which is the beginning 
of the serial input from an external device. Also cleared by INIT. 

Write-only bit. 

NOTE 

INIT = LSI-11 bus BINIT signal assertion. 

The word format for the DLV11-F RBUF register is shown in Figure 6 
and functionally described in Table 7. 
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|error j 

1 0^ 

ERR 

FR 

ERR 

1 ^ 

ERR 

RESERVED 

w wo 03 02 01 00 

RECEIVED DATA BITS ”j 


Figures DLV11-FRBUF Word Format 

Table? DLV11-FRBUF Bit Assignments 
Bit: 15 Name: ERROR 

Description: Used to indicate that an error condition is present. This 
bit IS the iogicai OR of OR ERR. FR ERR, and P ERR (bits 14, 13. and 
12 respectively). Whenever one of these bits is set, it causes bit 15 to 
set. This bit IS not connected to the interrupt logic. 

Read-oniy bit; cleared by removing the error-producing condition. 

NOTE 

Error indications remain present until the next char¬ 
acter is received, at which time the error bits are 
updated. iNIT clears the error bits. 

Bit: 14 Name: OR ERR 

Description: (Overrtin Error) 

When set, indicates that reading of the previousiy received character 

was not compieted (RCVR DONE not cleared) prior to receiving a new 
cn3r3ct©r. 

Read-oniy bit. Cieared by INIT. 

Bit: 13 Name: FR ERR 

Description: (Framing Error) 

When set, indicates that the character that was read had no valid stop 

Read-only bit. Cleared by INIT. 

Bit: 12 Name: P ERR 

Description: (Parity Error) 

When set, indicates that the parity received does not agree with the 
expected parity. This bit is aiways 0 if no parity is selected. 

Read-only bit. Cieared by INIT. 

Bit: 11-8 Name: Not used 
Description: Reserved for future use. 

Bit: 7-0 Name: RECEIVED DATA BITS 

Description: Holds the character just read. If less than eight bits are 
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selected, then the buffer is right-justified into the least significant bit 
positions. In this case, the higher unused bit or bits are read as Os. 

Read-oniy bits; not cieared by iNiT. 

NOTE 

INiT = LSi-11 bus BiNiT signai assertion. 

The word format for the DLV11-F XCSR register is shown in Figure 7 
and functionaiiy described in Table 8. 


15 

1 PBR 1 

SEL 

3 

14 

PBR 1 

SEL 

2 

13 

PBR 1 

SEL 

12 

PBR 

SEL 

0 

11 

PBR 

SEL 

ENB 

RESERVED 

XMIT 

RDY 

XMIT 

INT 

ENB 

RESERVED 

MAINT 

RE¬ 

SERVED 

BREAK 


Figure? DLV11-F XCSR Word Format 


Tables DLV11-F XCSR Bit Assignments 


Bit: 15-12 Name: PBRSEL 
Description: (Programmable Baud Rate Enable) 
When set, these bits choose a baud rate from 
Table 3. 


50-9600 baud. See 


Write-only bits. 

Bit: 11 Name: PBRENB 

Description: (Programmable Baud Rate Enable) 

This bit must be set in order to select a new baud rate indicated by bits 


12 to 15. 

Write-only bits. 

Bit: 10-8 Name: Not used 
Description: Reserved for future use. 


Bit: 7 Name: XMIT RDY 

Description: (Transmitter Ready) 

This bit is set when the transmitter buffer (XBUF) can accept 3"°'^ 
character. When set, it initiates an interrupt sequence provided XMIT 
INT ENB(bit 6) is also set. 

Bit: 6 Name: XMIT INT ENB 

Description: (Transmitter Interrupt Enable) 

When set, allows an interrupt sequence to start when XMIT RDY (bit 7 ) 
is set. 


Read/write bit; cleared by INIT. (See Note.) 
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Bit: 5-3 Name: Not used 

Description: Reserved for future use. 

Bit: 2 Name: MAIN! 

Description: Used for maintenance function. When set, connects the 
transmttter serial output to the receiver serial input while disconnect¬ 
ing the external device from the receiver serial input. It also forces the 
receiver to run at transmitter baud rate speed when common speed 
operation is enabled. 

Read/write bit; cleared by INIT. 

1 Name: Not used 

Description: Reserved for future use. 

Name: BREAK 

When set, transmits a continuous space to the external 


Bit: 0 

Description : 

device. 


Read/write bit; cleared by INIT. 

NOTE 

When clearing an interrupt enable bit, first set the 
appropriate processor status word bit = 1. After the 
interrupt enable bit at the module is cleared, the 
processor may be returned to its normal priority. 

The word format for the DLV11-F XBUF register is shown in Figure 8 
and functionally described in Table 9. 


r" 


08 

07 


00 

1 

RESERVED 

1 


TRANSMITTER DATA BUFFER 



Figures DLV11-FXBUF Word Format 

Table 9 DLV11-F XBUF Bit Assignments 

Bit: 15-8 Name: Not Used 

Description: Not defined. Not necessarily read as Os. 

Bit: 7-0 Name: TRANSMITTER DATA BUFFER 

Description: Holds the character to be transferred to the external 
device. If fewer than eight bits are used, the character must be loaded 
so It IS right-justified into the least significant bits. 

Write-only bits. Not necessarily read as Os. 
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Bef^re^installing the DLV11-F on the backplane, first establish the 
desired priority ievel to determine in which backplane slot to install the 
module Then ensure that the module configuration jumpers are con¬ 
figured correctly for your application. Connection to the peripheral 
device is via an optional data interface cabie. Cables are listed below. 

Application Cable Type* * 

El A Interface BC01V-X or BC05C-X Modem Cable 

20 mA Current Loop BC05M-X Cable Assembly 

Interfacing EIA-Compatible Devices 

The DLV11-F supports only the data leads of ElA-compatible devices. 
It uses a BC05C modem cable to interface devices such as the Tele¬ 
type® Model 37 Teletypewriter and the Bell Data Set Model 103 (in 
auto mode). The DLVIl-F’s ElA “data leads only” interface circuit is 
shown in Figure 9 and the jumpers are shown in Figure 1. 


* X = Length in feet. Standard length is 25 feet. 

* Teletype is a registered trademark of Teletype Corporation. 


BC01V-X or BC05C 
MODEM CABLE 



REQUEST TO SEND 


I 

I XBUF 

-4 


EIA/TTL 


4 w: 


DATA TERMINAL READY^ 


TRANSMITTED DATA 


RECEIVED DATA 


E) 


EIA INTERLOCK 


Figure 9 ElA Data Leads Only Interface 

Interfacing 20 mA Current Loop Devices with the 

When interfacing with 20 mA current loop devices, the BC05M cable 
assembly provides the correct connections to the 40-pin connector on 

the DLV11-F The peripheral device end of the cable is terminated with 
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a Mate-N-Lok connector that is pin-compatible with all DIGITAL 20 mA 
serial interface terminals. 


The interface circuits provided by the BC05M cable and the associat¬ 
ed DLV11-F jumpers are shown in Figures 9,10 and 11. 


NOTE 

When the DLV11-F is used with teletypewriter de¬ 
vices, a O.OOSmF capacitor must be installed (see 
Figure 1). 


BC05M CABLE 


♦5V ♦12V 



-12V 

Figure 10 20 mA Transmitter and Reader Run Circuits 
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(♦) 


serial data in 



(-) 


20mA INTERLOCK 


M-4934 


Figure 11 Active Receive 20 mA Current Loop 


+ 5V 



Figure 12 Passive Receive 20 mA Current Loop 
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DLV11-J FOUR ASYNCHRONOUS 
SERIAL INTERFACES 

GENERAL 

The DLV11-J is a 4-channel asynchronous serial line unit used to 
interface peripheral equipment to an LSI-11 bus. The Interface trans¬ 
mits and receives data from the peripheral device over Electronics 
Industry Association (EIA) “data leads only” lines which do not use 
control lines. The module can be used with 20 mA current loop de¬ 
vices (with “reader-run” capabilities) when the DLV11-KA option Is 
installed. With a DLV11-J Interface, the processor can communicate 
with a local terminal such as a console teleprinter, a remote terminal 
via data sets and private line, or another local or remote processor. 
FEATURES 

• Four Independent, full-duplex, asynchronous serial line Interfaces to 
the LSI-11 bus on one double-height module. 

• Each channel Independently configured for: 

1. EIA RS-232C, RS-422, RS-423 

2. Baud Rates: 150, 300, 600,1200, 2400, 4800, 9600,19.2K, 38.4K 
and external 

3. Variable character format: 

7 or 8 data bits; 

1 or 2 stop bits; 
odd, even or no parity 

4. Support for data leads only: MODEMS (Bell type: 103,113) 

• One channel configurable as computer console device interface, 
including halt or boot on received break. 

• 8.9 in. X 5.2 in. (22.8cm X 13.2cm) module 

• 20 mA current loop and 110 baud capability optionally added using 
the EIA to 20 mA converter (DLV11-KA). 

• The DLV11-KA provides: (Figure 1) 

1. Single line EIA to 20 mA converter unit and 3 ft. (.91 m) cable for 
connection to DLV11-J. 

2. A program-controlled, reader advance function for DIGITAL- 
modlfied ASR33 teletypes. 

3. Alio baud rate generator. 

4. Choice of active or passive operation. 

5. Operation up to 9600 baud. 

6. Cable drive capability up to 4000 feet. 
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M8043 

Double 

+5 V ±5% at 1.0 A 
+ 12 V ±3% at 0.25 A 

1 

1 


The DLV11-J module Is oesigned to interface peripheral devices that 
transmit and receive asynchronous serial data over ElA-compatible 
data lines or 20 mA current loops to the parallel LSI-11 bus. When 
configured, the module transmits and receives the specified EIA signal 
levels on the receive and transmit data lines of the cable. Also, the 
module constantly asserts the data-terminal-ready signal. 

When configured for 20 mA current loop operation (DLV11-KA option 
installed), the DLVIl-J can support devices which contain prograrn- 
controlled paper tape readers (such as DIGITAL’S LT33 Teletypewri¬ 
ters or the ASR33 Teletypewriter with the LT33 modification kit.) 

During operation, the module is required to convert data from parallel 
to serial and serial to parallel. To accomplish this, a universal asyn¬ 
chronous receiver/transmitter (UART) is employed. When performing 
this conversion, the UART must also alter the speed and character 
format for the data (to meet user-selected parameters). In addition, 
the UART creates error bits to allow the programmer to check date 
transmission for errors. A block diagram of the DLV11-J module is 
shown In Figure 1. 

UART Operation 

The DLV11-J module Is equipped with four universal asynchronous 
receiver/transmitters, one for each channel. The UART chip Is capable 
of parallel data transfers with the computer and serial data transfers 
with the peripheral device. User-selectable jumpers determine the 
character format used during transmission. The jumpers select: 

7 or 8 data bits 
1 or 2 stop bits 
Parity or no parity 
Even or odd parity 


SPECIFICATIONS 

Identification 

Size 

Power 

Bus Loading 
AC 
DC 

DESCRIPTION 
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The receiver section performs seriai-to-paraiiel conversion of data 
which wiii aiways appear right-justified in the receive data buffer. The 
start, stop, and parity bits are removed and error flags appended to 
the transmission as it enters the receive buffer. The error flags, when 
set, will not interrupt operation, but they are avaiiable to the program¬ 
mer when reading the RBUF. 



CM 

O 


0) 

Q> 

SI 

CO 

¥ 

CO 

KJi 

CO 


O 

o 

ffl 

“D 


> 

-J 

o 


Q> 

k- 

3 

O) 

U. 





















































































































DLV11-J 



224 


Figure 1 DLV11-J Block Diagram (Sheet 2 of 2) 
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The transmitter performs parallel to serial conversion of data provided 
by the LSI-11 bus. The character length, stop bit code, parity, and 
baud rate are identical to the receiver section of the SLU channel. The 
transmitter, however, appends the proper start, stop, and parity bits to 
the data before transmission. 

Baud Rate Generator 

The baud rate control circuit generates clock signals that control the 
speed at which the receive buffer (RBUF) and the transmit buffer 
(XBUF) move serial data. The circuit provides a command clock to 
both buffers of the channel. 

The speed at which a channei will operate is configured by the selec¬ 
tion of wire-wrap jumpers which supply the desired baud rate ciock. 
The clock is developed by a crystal-controlled oscillator driving a fre¬ 
quency division chip. The outputs of the frequency division chip are 
connected to wire-wrap posts which may be selected when configur¬ 
ing the channel(s). If more than one channel is used for a particular 
baud rate, the clock may be daisy-chained between channels. 

When 110 baud operation is desired, the DLV11-KA option must be 
used. This option provides the 110 clock to the channel via the peri¬ 
pheral device cable; no baud rate jumper may be configured on the 
module for the 110 baud channel. 


I/O Control Logic 

The I/O control logic directs data transfers between the computer and 
the DLV11-J module. The logic monitors the LSI-11 bus control lines 
to determine the type of data transfer to be executed (from the LSI-11 
bus to the register logic for an output operation or from the register 
logic to the LSI-11 bus for an input operation). The foliowing LSI-11 
bus control lines are monitored by the I/O control logic during the 
operation; 


BSYNC 

BDIN 


Bus Synchronized. Set when valid address has been 
placed on LSI-11 bus. 

Bus Data Input. Set when processor is ready to 
receive input data. 


BDOUT Bus Data Output. Set when processor Is ready to 

transmit output data. 

The module asserts the BRPLY (reply from module) bus control line 
when the data transfer has been completed. 
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During operation, the module receives the BSYNC signal indicating an 
address has been placed onto the LSI-11 bus. The I/O control logic 
gates this address into the address latch of the module with a SYNC H 
gating signal. If the address received is a bus device address on the 
DLV11-J, the address latch sends a BD SEL signal to the I/O control 
logic (indicating a valid address has been received). The control logic 
may now develop the proper gating signals (BDOUT/BDIN) to move 
the data to its proper destination. When the data transfer is complete, 
the module signals the processor via the BRPLY control line. 


The address latch is used to hold the channel address (0-3), the device 
register address (RCSR, RBUF, XCSR, or XBUF), and the high-low 
byte indicator of the pending operation. When the program addresses 
the DLVIl-J module, address bits 0-4 are presented to the address 
latch by the bus interface circuit over the internal tri-state data bus. 
Simultaneously, the address compare circuit and the bus interface 
circuit supply the address latch with the MATCH H signal and are 
gated into the latch under the control of the I/O control logic circuit 
(SYNC H signal). The address latch now holds the address and a 
board select signal (BD SEL 1) to be used by the I/O control/register 
logic during the completion of the desired operation. 

Address Compare Circuit 

The address compare circuit tests the user-configured base address 
of the module (wire-wrap jumpers A5, A8-12) against the LSI-11 bus 
input (BDAL 5, 8-12 L). If the addresses are same, the address com¬ 
pare circuit generates a portion of the MATCH H signal. (The remain¬ 
der of MATCH H is supplied by the bus interface.) The MATCH H 
signal is used by the address latch circuit when creating the BD SEL H 
signal reguired by the I/O control logic during data transfers. 

When channel 3 is configured as a console device interface, the bus 
interface logic tests for a proper console device address on the LSI-11 
bus. If the address received by the bus interface is a proper console 
address, the CON SEL 1 H signal is generated. This signal is transmit¬ 
ted from the bus interface to the address compare circuit to force 
console address recognition. 

Bus Interface j. * 

The module contains bus drivers and receivers which interface direct¬ 
ly with the LSl-11 bus. This allows data movement between the LSI-11 
bus and the module’s internal tri-state bus. These drivers also have 
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the ability to transmit vector addresses received from the interrupt 
vector generation logic onto the LSI-11 bus. 

If the LSI-11 bus holds an address within the I/O page, the BBS7 L 
signal line is asserted. This will cause the bus Interface circuit of the 
DLV11-J to test the BDAL 6-7 L lines against the user-configured wire- 
wrap pins (A6-7) when the addresses and the same MATCH H signal 
are allowed to be asserted to the address latch. Since this is a “wired- 
AND, the MATCH H signal from the address compare signal must 
also be asserted. The MATCH H signal is required by the address latch 
to allow I/O data transfers. If channel 3 has been selected as a console 
device interface (jumpers Cl and C2 installed between wire-wrap 
posts X and 1), the bus interface performs a match operation between 
the LSI-11 bus lines (BDAL 3-5) and an internal address which is 
enabled by console select jumper Cl. If the addresses agree, a CON 
SEL 1 H signal is produced for the address compare circuit which will 
force a console address recoanitlon. 

Interrupt and Vector Generation Logic 

When a peripheral device interfaced to a DLV11-J needs service, the 
module can, if enabled. Interrupt the computer program and vector to 
a service routine. The Interrupt logic can initiate two types of inter¬ 
rupts: a receiver interrupt and a transmitter interrupt. These interrupts 
are handled through separate receiver and transmitter channels. 

For an interrupt transaction to occur, the program must set the inter¬ 
rupt enable bit (bit 6) In the control/status register (CSR). Next, the 
interrupt logic must recognize a condition requiring service (indicated 
by the setting of bit 7 within the CSR) and then assert the Interrupt 
request line (BIRQ L) on the LSI-11 bus. When the Interrupt is ac¬ 
knowledged by the processor, the interrupt logic creates an Input to 
the module’s vector generation circuit which reflects the channel 
needing service (0, 1, 2, or 3) and the type of service needed (receive 
or transmit). The vector generation logic creates a vector function 
address which may be modified by the user-configured “base vector’’ 
address jumpers (V5-7). This modified address is output to the LSI-11 
bus by the bus interface circuit, thus causing the processor to jump to 
the proper peripheral device service routine. 

A receiver Interrupt request Is Initiated when the receive buffer (RBUF) 
has received and assembled a character of data and is ready to trans¬ 
fer It to the processor. A transmitter Interrupt Is initiated when the 
transmitter buffer holding register (XBUF) Is empty and is ready for 
another data input from the processor. The Interrupt logic is also used 
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to initialize the DLV11-J module. On a system power-up sequence, the 
processor creates BINIT L on the LSI-11 bus which is converted by the 
interrupt logic into INITO H. This signal is distributed on the module to 
initialize the four UARTs and the interrupt status registers (held within 
the interrupt logic). 

Control/Status Registers 

The control/status registers (GSRs) consist of a series of latches, data 
selectors, and gating circuitry. During data transactions, the I/O con¬ 
trol logic enables the XCSR or RCSR to either latch in control bits or 
gate out status bits. 

The RCSR uses only three bits during operation: 

Receiver done (bit 7), set by RBUF 

Receiver interrupt enable (bit 6), set by program 

Reader enable (bit 0), set by program 

All bits except the reader enable bit may be read by the program. 

The XCSR uses three bits during operation: 

Transmitter ready (bit 7), set by XBUF 
Transmitter interrupt enable (bit 6), set by program 
Break (bit 0), set by program and used only with the 
DLV11-KA option. 

All bits may be read by the program. 

Break Logic 

During normal operation, the UART checks each received character 
for the proper number of stop bits. It does this by testing for a marking 
condition at the appropriate bit time. If it finds a spacing condition 
Instead, it sets the framing error (FE) flag. The BREAK signal Is a 
continuous spacing condition, and is interpreted by the UART as a 
data character that is missing its stop blt(s). The UART, therefore, 
responds to the BREAK signal by asserting FE H. If the channel 3 
break response jumper is Installed from X to B, FE H will negate 
control line BDCOK H; BDCOK H Indicates to the processor that dc 
power is “OK.” When FE H negates this signal. It causes the computer 
to restart at the bootstrap (provided proper processor power-up mode 
is selected). 

If the break jumper is installed from X to H, the computer will not 
“boot” on a framing error, but FE H will negate control line BHALT L. 
This causes the computer to halt when a framing error is received. 
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CAUTION 

If the system is using MOS memory, data may be lost when BDCOK 
is negated because this action interrupts the memory refresh cycie. 
If the jumper is not installed, the module will not take action. 

Peripheral Interface 

Each SLU channel of the DLV11-J module can be independently con¬ 
figured for line signal compatibility with EIA RS-232C and RS-423, RS- 
422, or 20 mA current loop operation (Figure 2). Each of the four 
interfaces may be configured to support 20 mA current loop devices 
with the addition of the DLV11-KA option. When instalied, the peri¬ 
pheral interface supplies ail power supply voltages needed by this 
option. If the 20 mA device contains a paper tape reader that can be 
program-controlled (such as DIGITAL’S LT33 or an ASR33 Tele¬ 
typewriter with LT33 modification kit), the interface can be configured 
to advance the reader one character at a time. 


I-1 



Figure 2 Typical Peripheral Interface 
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DC-to-DC Power Converter 

The power converter produces —12 Vdc and +5 Vdc from the LSI-11 
power supply voltage of +12 Vdc. These voltages are produced to 
power all chips on the DLV11-J module and to supply the DLV11-KA 
20 mA option. The power converter circuit consists of crystal-con¬ 
trolled oscillator which drives a charge pump. The charge pump 
during operation supplies the desired power supply output voltage. 

CONFIGURATION 

General * u ^ 

The DLV11-J device and vector addressing, serial word formats, baud 
rates, interface, type, etc. are selected by installing and/or removing 
jumpers. Wire-wrap posts are provided on the module for this pur¬ 
pose. The module is factory-configured and ready to use in most user 
applications. However, if a system requires different device register 
addresses and interrupt vectors or operations, the module may be 
reconfigured. The DLV11-J module is factory-configured for the fol¬ 
lowing operations: 

• Base address = 176500 

• Base vector address = 300 

• Channel 3 enabled as the console device (device addresses 
177560-177566 and vector addresses 60 and 64). 

• Channel 3 halt on break enabled 

• Baud rates (transmit and receive are identical): 

Channels 0,1 and 2 = 9.6K baud 

Channel 3 = 300 baud 

• Data/parity/stop bit format (ail channels): 

Eight data bits 

One stop bit 
No parity 

• Serial line signal Interface levels (all channels) compatible with both 
EIA RS-232C and RS-423, simultaneously (slew rate = 2 ^s) 

Figure 3 gives jumper and pad locations on the DLV11-J module and 
Table 1 gives a summary of the module’s factory configuration. 
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Figures DLV11-J Jumper Locations 
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Label 


Table 1 Factory Jumper Configuration 


Standard 

Configuration 


Function Implemented 


A12 Xto1 

A11 Xto1 

A10 Xtol 

A9 X to 0 

A8 X to 1 

A7 R 

A6 I 

A5 X to 0 


C1 Xto1 

C2 X to 1 


(Break X to H 

res¬ 
ponse) 

I 
I 

XtoO* 

XtoO 
Xto1 
XtoO 
Xto1 


V7 

V6 

V5 

E 

D 

S 

P 


This arrangement of jumpers A5-A12 
implements the octal base device ad¬ 
dress 1765XX, which is the assigned 
address for channel 0 RCSR. The 
least significant digit is decoded on 
the module during operation to ad¬ 
dress one of four SLU device regis¬ 
ters as follows: 

X = 0, RCSR 
X = 2, RBUF 
X = 4, XCSR 
X = 6, XBUF 

These jumpers are used to enable 
channel 3 for console operation. Base 
address must be 176500 (factory- 
configured), 176540, or 177500 for the 
console. 

This jumper determines channel 3 
break response. The board is config¬ 
ured for halt (console emulator mode) 
on break condition. 

This arrangement of jumpers V5-V7 
implements the octal “base” vector of 
300 with channel 3 at 60 and 64. 

Odd parity 
8 data bits 
1 stop bit 
Parity inhibited 

These jumpers determine the word 
format used by the channel. All chan¬ 
nels are configured the same at the 
factory. 


232 








DLV11-J 


Table 1 Factory Jumper Configuration (Cont) 


Label 

Standard 

Configuration 

Function Implemented 

0 

OtoN 

9.6K baud 

1 

1 toN 

9.6K baud 

2 

2toN 

9.6K baud 

3 

3toT 

300 baud 

These jumpers determine the baud 
rate of the serial line channel for same 
baud rate daisy-chain wire-wraps. 

NO-3 

Xto3 

These jumpers determine the EIA 

MO-3 

Xto3 

standard compatibility of the channel. 

All channels are set at the factory to 
be compatible to both EIA RS-423 
and RS-232C simultaneously. 

R10 

22K12 

Channels 0 and 1, slew rate of 2 ns 
(used when configured for EIA RS- 
423/RS-232C) 

R23 

22KQ 

Channels 2 and 3, slew rate of 2 fis 
(used when configured for EIA RS- 
423/RS232C) 


* See Interrupt Vector Format figure. 


Device Registers- The DLV11-J contains 16 device registers that can 
be individually addressed by the program. The four device registers 
provided for each of the SLU channels (0 through 3) are: 

Receive Control/Status Registers (RCSR) 

Receive Buffer (RBUF) 

Transmit Control/Status Register (XCSR) 

Transmit Buffer (XBUF) 


Wire-wrap jumpers are configured to establish the base address (BA) 
for the module. This base address is the channel 0 RCSR address The 
device address format is shown in Figure 4. The remaining device 
addresses follow through 16 (total) contiguous word addresses; how¬ 
ever, it is possible to independently dedicate the last four addresses 
(channel 3) to a console device. When configured for console device 
operation, the channel’s device register addresses will be 177560- 
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177566. For console operation, the board’s base address must be one 
of the following: 

176500 (factory-configured) 

176540 

177500 

The floating address configurations are listed in Table 2 and the fac¬ 
tory or standard configuration addresses are listed in Table 3. 


1C m 14 13 12 11 10 09 08 07 

-1 - 

1 1 

■1 

1 -1—^-1 - 

1 1 A12 

- T 1 

All A10 A9 

A8 A7 

1 - 

- 1 - 




BANK? 
SELECTED (1) 


FACTORY 
CONFIGURED _ 
BASE ADDRESS 
=176500 


CHANNEL REGISTER byTE 

(DEVICE) SELECT POINTER 

SELECT 



3 WIRE WRAP POSTS 
(X, 1,0) ARE 
PROVIDED FOR 
EACH BIT. 

JUMPER X TO 1 = 1 
JUMPER X TO 0=0 


2 WIRE WRAP 
POSTS ARE 
PROVIDED FOR 
EACH BIT. 
JUMPER IN = 1 
JUMPER OUT = 0 


(X)= CHANNEL 0 
01 = CHANNEL 1 
10=CHANNEL 2 
11 =CHANNEL 3 


■lANGE 160000q-177770o NONEXTENDED ADDRESS 
7600000-7777708 EXTENDED ADDRESS 


Figure 4 Channel 0 RCSR Address Format 


Table 2 Address Assignments (with Console Selected) 


Address 

Device 

Register 

Associated 

Vector 

Module Base 

RCSR 

Channel 0 

Module Base Vector 

Address (BA) 


(BV) 

BA-l-2 

RBUF 

BV-l-4 

BA+4 

XCSR 

BA+6 

XBUF 


BA+10 

RCSR 

Channel 1 

BV+10 

BA+12 

RBUF 


BA+14 

XCSR 

BV+14 

BA+16 

XBUF 
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Table 2 Address Assignments (with Console Selected) (Cont) 


Address 

Device 

Register 


Associated 

Vector 

BA+20 

BA+22 

BA+24 

BA+26 

177560 

177562 

177564 

177566 

RCSR 

RBUF 

XCSR 

XBUF 

RCSR 

RBUF 

XCSR 

XBUF 

Channel 2 

BV+20 

BV+24 

Channel 3* 

60 Console 

Selected 

64 

Channel 3 is used as a console device. 



Table 3 Factory or Standard Addresses 

Address 

Register 

Vector 


176500 

176502 

RCSR 

RBUF 

300 


176504 

XCSR 


Channel 0 

176506 

XBUF 

304 

176510 

RCSR 



176512 

RBUF 

310 


176514 

XCSR 


Channel 1 

176516 

XBUF 

314 

176520 

176522 

RCSR 

RBUF 

320 


176524 

XCSR 


Channel 2 

176526 

XBUF 

324 

177560 

177562 

RCSR 

RBUF 

60 


177564 

XCSR 


Channel 3 

177566 

XBUF 

64 
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-1X ^0+0 fnr each device register within a channei, are 
rrn^rarrrdln Ta.el These »o,d ,ern,e.s e,e 
typical of all channels on the DLV11 -J module. 


receiver 

DONE 

{READ ONLY) 


15 

M 

14 13 12 

;— 

0 0 0 1 

1 -1-1- 

11 10 09 

1 0 ' 0 ^ 7 ] 

lIj 

07 

7 

06 

UO 

- -1--—r 

0 0 0 

-1— 1 ■ 

0 0 


ENABLE 
(WRITE ONLY) 
ON READ = 0 


receiver 

interrupt 

ENABLE 

(READA/VRITE) 



eo 10 11 10 09 

08 

07 06 

05 04 03 

02 01 00 

15 14 

RBUF I 

—1-1—^ 

-r—1-1 

0 0 0 

1 -1-1- 

0 

, 

-J-1-- 

ZZZl 

' I 

ERROR 

(READ 

ONLY) 

) 

framing 

ERROR 

(READ 

ONLY) 

not used 


receive DATA 

(7 8 BIT DATA IS RIGHT JUSTIFIED.) 

IF BIT UNUSED = 0 


OVERRUN PARITY 
ERROR ERROR 

(READ (READ 



ENABLE 

(READ/WRITE) 




11 10 09 

08 

07 06 

05 04 03 

o 

o 

8 

15 

0 

-r- 1 - 

0 0 0 

1__i- 

-1-1 

0 0 0 
_1_1- 

0 

. 

i -1- 

1 i 


(NOT USED) 


transmit DATA 

(7, 8 BIT DATA IS RIGHT JUSTIFIED.) 

(WRITE ONLY) ON READ = 0 


NOTE 

ONE OF FOUR CHANNE LS SHOWN^ 

format the same for all channels. 


Figure 5 DLV11-J Device Register Formats 


236 















































DLV11-J 


Table 4 DLV11-J Word Formats 


Receiver Control/Status Register 

Bit: 8-15 

Description: Not used. Read as 0. 

Bit: 7 

Description: Receiver Done. Set when an entire character has been 
received and is ready for input to the processor. This bit is automati¬ 
cally cleared when RBUF is read, when BINIT L signal goes true (low) 
or when reader enable bit is set. Read-only bit. 

If Receiver Interrupt (bit 6) is set, the setting of Receiver Done starts an 
Interrupt sequence. 

Bit: 6 

Description; Receive Interrupt Enable. Set under program control 
when it is desired to generate a receiver interrupt request (when a 
character is ready for input to the processor signified by bit 7 being 
set). Cleared under program control or by the BINIT signal. Read/write 
bit. 

Bit: 1-5 

Description: Not used. Read as 0. 

Bit: 0 

Description: Reader Enable. Setting this bit advances the paper 
tape reader on an LT33 terminal one character at a time. Setting of this 
bit clears Receiver Done (bit 7). Write-only bit. 

The DLV11-KA 20 mA current loop option is required for operation of 
this bit. 

Receiver Buffer 

Bit: 15 

Description: Channel Error Status. Logical OR of bits 14,13 and 12 
Read-only bit. 

Bit: 14 

Description: Overrun Error. When set, indicates that the reading of 
the previously received character was not completed (receiver done 
not cleared) prior to receiving a new character. 

Cleared by BINIT signal. Read-only bit. 
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NOTE 

When “back-to-back” characters are received, one 
full character time is allowred from the time instant 
receiver done (bit 7) is set to the occurrence of an 
overrun error. 


Descr^iption: Framing Error. When set, indicates that the character 
read had no valid stop bit. 

Cleared by BINIT signal. Read-only bit. 


Bit' 12 

Description; Parity Error. When set, indicates that the parity re¬ 
ceived does not agree with the expected parity. This bit is always 0 if 
no-parity operation is configured for the channel. Read-only bit. 

NOTE 

Error bits remain valid until the next character is re¬ 
ceived, at which time the error bits are updated. 


Bit: 8-11 

Description: Not used. Read as 0. 


oicription: Data bits. Contains seven or eight data bits in a right- 
justified format. Bit 7 = 0 when 7 data bits are enabled. Read-only bits. 

Transmitter Control/Status Register 


Bit: 8-15 

Description: Not used. Read as 0. 


Bit' 7 

Description: Transmit Ready. Set when XBUF is empty and can ac¬ 
cept another character for transmission. It is also set by INIT during 
the power-up sequence or during a reset instruction. Read-only bit. 

If Transmitter Interrupt Enable (bit 6) is set, the setting of Transmit 
Ready will start an interrupt sequence. 


Bit: 6 . , 

Description: Transmit Interrupt Enable. Set under program conUol 

when it is desired to generate a transmitter interrupt request (when 
transmitter is ready to accept a character for transmission). 

The bit is cleared under program control, during power-up sequence, 
or reset instruction. Read/write bit. 
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Bit: 1-5 

Description: Not used. Read as 0. 


Bit: 0 

Description: Transmit Break. Set or reset under program control. 
When set, a continuous space level is transmitted. However, transmit 
interrupt can still operate, allowing software timing 
of break. When not set, normal character transmission can occur. 

Cleared by BINIT. Read/write bit. 


Transmit Buffer 

Bit: 8-15 

Description: Not used. Read as 0. 


Bit: 0-7 

Description: Data bits. Contains seven or eight right-justified data 
bits. Loaded under program control for serial transmission. 

Interrupt Vectors 

Two interrupt vectors are provided for each of the four SLU channels 
(eight vectors total).The procedure for configuring the vectors is simi¬ 
lar to that used when configuring the base device register address; the 
configured base vector is the channel 0 receiver interrupt vector Each 
interrupt vector references two word locations in memory (the 
Program Counter address and the Processor Status Word). Hence 
sequential vectors appear in increments of four. 


The module is factory-configured with an interrupt vector base of 300 
However, it is also configured for channel 3 operation as the console 
device: thus, channel 3 will automatically have interrupt vectors of 60 
and 64. The vector format is shown in Figure 6 and a summary of 
vector jumper configurations is provided in Table 5. Table 6 gives a list 
of the factory-configured vector assignments. 


Interrupt priority within the DLV11-J module is structured as follows: 


Interrupt Priority 

1 (highest) 

2 

3 

4 

5 

6 

7 

8 (lowest) 


Requesting Function 

Channel 0, receiver 
Channel 1, receiver 
Channel 2, receiver 
Channel 3, receiver 
Channel 0, transmitter 
Channel 1, transmitter 
Channel 2, transmitter 
Channel 3, transmitter 
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FACTORY-CONFIGURED 
BASE INTERRUPT VECTOR 
address = 300 

TWO WIRE WRAP 
POSTS ARE PROVIDED 
FOR EACH BIT. 
JUMPER IN = 1 
JUMPER OUT = 0 


THREE WIRE WRAP 
POSTS ARE PROVIDED 
FOR BIT V5. 

JUMPERXT01 = 1 

JUMPER X TO 0 = 0 WITH CONSOLE 

NO JUMPER = 0 WITHOUT CONSOLE 



CHANNEL 0= RECEIVER 
REQUESTING INTERRUPT 

interrupt 1 = transmitter 

(0-3) INTERRUPT 


NOTE: 

RANGE 0-3770 (0400 


NOT ALLOWED IN CONSOLE MODE) 


Figure 6 Interrupt Vector Format 


Table 5 Summary of Vector Jumper Configurations 


Label 

Logical 1 

V7 

Jumper installed. 

V6 

Jumper installed. 

V5 

Jumper installed from 


wire-wrap post X to 1. 


Logical 0 

Jumper removed. 

Jumper removed. 
Console not selected: 
jumper removed 
Console selected: 
jumper 

installed from wire-wrap 
post X to 0. 
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Table 6 Vector Assignments (with Console Selected) 
(Factory Configured) 

Standard Address Interrupt Vector 


300 [Module Base 

Vector (BV)] 

304(BV-h4) 

310(BV-f-10) 

314(BV-f14) 

320(BV+20) 

324 (BV-f 24) 


Channel 0, Receiver 
Channel 0, Transmitter 
Channel 1, Receiver 
Channel 1, Transmitter 
Channel 2, Receiver 
Channel 2, Transmitter 


Channel 3, Receiver 

64 Console Selected Channel 3, Transmitter 

NOTES 

1. Module is factory-configured for channel 3 as a console device. 

2. All addresses are in octal notation. 


Character Formats 

Each of the four channels may be independently configured for vari¬ 
ous character formats. When a character format is configured (by 
wire-wrap jumpers) for a channel, both the transmitter and receiver 
will use the same format. The character may contain- 


7 or 8 data bits 
1 or 2 stop bits 
Parity or no parity 
Even or odd parity 


Configuration instructions for determining 
each channel are shown in Table 7. 


the character formats of 


Baud Rates 

configured for baud rates ranging from 150 to 
38,400 bits per second. One baud rate clock input wire-wrap pin is 
provided for each channel (0 through 3). Both the transmitter and 
receiver for a given channel must operate at the same baud rate; split 
baud rate operation cannot be configured. Configure baud rates bv 
connecting a jumper from the appropriate baud rate generator output 
wire-wrap pin to the clock input pin of the channel. One jumper is 
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required for each channel. When configuring the same baud rate for 
more than one channel, the wire-wrap pins may be daisy-chained. 
Table 8 lists the possible baud rates for each channel and their associ- 

ated labels. 

Table 7 Character Format Jumpers 


Channel Wire-wrap Connection Comments 

Label Parameter X to 0_ X\o^ __ 


D 

No. of data 
bits 

7 bits 

8 bits 

LSB trans¬ 
mitted first 

S 

No. of stop 
bits 

1 bit 

2 bits 


P 

Parity inhibit 

Parity gener¬ 
ation and 

Parity bit 
deleted; 




detection 

parity error 




enabled 

= 0 


E* 

Even parity 
enabled 

Odd parity 
expected 

Even parity 
expected 

Only when P 
= 0 


• Jumper must be installed to 0 or 1 even if no parity is selected. 


Table 8 Baud Rate Generator Outputs 


Wire-Wrap 
Pin Label 


Baud Rate 
(Bits/Second) 


U 

T 

V 
W 

Y 
L 
N 
K 
Z 


150 

300 

600 

1,200 

2.400 
4,800 
9,600 
19,200 

38.400 


When using the DLV11-KA option, 110 bits/sec operation is possible 
A 110 baud rate clock generator circuit on the option will supply the 
DLV11-J module with the proper clock; no baud rate jumper is config¬ 
ured on the module for the desired channel. 
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Console Device Selection 

Channel 3 of the DLV11-J module may be independently dedicated for 
console device operation. To accompiish this, the console select 
jumpers must be properly configured. Table 9 gives channel 3 config¬ 
uration instructions. When configured for consoie operation the de- 

vice addresses are 177560-177566 and the interrupt vectors are 60 
and 64. 

Table 9 Summary of Console Selection Jumper Configurations 


Label 

Console Selected 

Console Not Selected 

C1 

Install jumper from wire- 

wrap pins X to 1. 

Install jumper from wire- 
wrap pins X to 0. 

C2 

Instail jumper from wire- 
wrap pins X to 1. 

Instail jumper from wire- 
wrap pins X to 0. 

Break Response 


Channel 3 may be configured to either bootstrap, halt (console emula¬ 
tor mode), or have no response to a receive break condition. A boot¬ 
strap operation upon a receive break condition wili cause the 
processor to execute the bootstrap program starting at the memory 
iocation defined by the power-up mode jumpers of the processor. A 
hait operation upon a receive break condition wiil cause the processor 
to hait and the console octal debugging technique (ODT) microcode to 
be invoked. Configuration instructions are given in Table 10. 


Table 10 Channel 3 Break Operation Jumper Summary 


Break 


Operation 


Response 

Jumper Connection 

Boot* 

Install jumper between wire-wraps X to B. 

Halt 

Install jumper between wire-wrap pins X to H. 

No Response 

♦ X• 

No jumper installed. 


Do not send continual breaks to a system so configured, as it will cause 

continued reinitializing of any device on the bus. 


243 






















DLV11-J 


Peripheral Interface Configuration 

Each of the channels can be independently configured for serial line 
signal compatibility with EIA RS-423 (simultaneously RS-232C), RS- 
422, or 20 mA current loop devices. When using 20 mA current loop 
devices, the DLV11-KA option is required. Configuration instructions 
for each of the standards are listed in Table 11. Table 12 is used when 
configuring EIA RS-423 (RS-232C compatible) slew rates. Use this 
table in conjunction with Table 11. 
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Table 11 Summary of Serial Channel Signal Level 
Configurations 
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Table 12 

EIA RS-423 and RS-232C Slew Rate Resistor Values 

Baud Rate 

R10orR23 

38.4 K 

22 KQ 

19.2 K 

51 KQ 

9.6 K 

120 Kfi 

4.8 K 

200 KQ 

2.4 K 

430 KQ 

1.2K 

820 KQ 

600 

1 Mfi 

300 

1 M12 

150 

1 Mi2 

110 

1 MQ 

Cabling 

Following are listed cables currently available that will mate with the 
2X5 pin Amp connector on the DLV11-J. as well as some pointers and 
part numbers for constructing a cable. 


DIGITAL cables for the DLV11-J: 

5’ EIA RS-232C null modem cable to direct¬ 
ly interface with an EIA RS-232C terminal 
(2X5 pin Amp female to RS-232C female; 
see Figure 8). 

5’ EIA RS-232C modem cable to interface 
with modems and acoustic couplers (2X5 
pin Amp femaie to RS-232C male; see Fig¬ 
ure 7). 

50’ EIA RS-422 or RS-423 cable for high¬ 
speed transmission (19.2K baud) between 
two DLV11 -Js (2X5 pin Amp female to 2X5 
pin Amp female). 

20 mA current loop converter option for the 
DLV11-J. Comes with an EIA cable 
(BC21A-03) which connects the DLVIl-KB 
converter box to the DLV11-J. The option 
mates with standard DIGITAL 20 mA cab¬ 
ling using the 8-pin Mate-’N’-Lock connec¬ 
tor. 


BC20N-05 


BC21B-05 


BC20M-50 


DLV11-KA 
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When designing a cable for the DLV11-J, here are several points to 
consider: 

1. The receivers on the DLV11-J have differential inputs. Therefore 
when designing an RS-232C or RS-423 cable, RECEIVE DATA 
(pm 7 on the 2X5 pin Amp connector) must be tied to signal 
ground (pins 2, 5, or 9) in order to maintain proper EIA levels. RS- 
422 is balanced, and uses both RECEIVE DATA+ and RECEIVE 
DATA — . 

2. To directly connect to a local EIA RS-232C terminal, it is necessa¬ 
ry to use a null modem. To design the null modem into the cable, 
one must switch RECEIVE DATA (pin 2) with TRANSMITTED DA¬ 
TA (pin 3) on the RS-232C male connector as shown in Figured. 

3. To mate to the 2X5 pin connector block, the following parts are 
needed; 

Cable Receptacle AMP PN 87133-5 

DEC PN 12-14268-02 

Locking Clip Contacts AMP PN 87124-1 

DEC PN 12-14267-00 

Key Pin (pin 6 ) AMP PN 87179-1 

DEC PN 12-15418-00 

4. The pin out on the 2X5 pin connector block on the DLV11-J is as 
follows: 


Pin # Signal 

^ UART clock in or out 

(16 X baud rate; CMOS) 

^ Signal ground 

3 TRANSMIT DATA+ 

^ TRANSMIT DATA- 

Note: For EIA RS-423, this line is grounded. For DLV11-KA 20 mA 
option, this line is the reader enable pulse. 


Signal ground 
Indexing key—no pin 
RECEIVE DATA- 
RECEIVE DATA+ 

Signal ground 
When FI is installed 
for the DLV11-KA, +12V 
is supplied through a 
fuse to this pin 
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O 

O 

O 

o 

CIRCUIT 

CARD 

PRINTED 


10 8 6 


2X5 PIN CONNECTOR 
BLOCK (Viewed from 
Edge of Card) 


DLVll-J EIA RS-232C 



DLVll-J Module 


Connector Cable 


EIA 

RS 232C 
Connector 


Clear to Send (CB) 

Request to Send (CA) 

Data Set Ready (CC) 

Data Terminal Ready (CD) 

Received Data (BB) 

Transmitted Data (BA) 

Signal Ground (AB) 

Protective Groxmd (AA) 
Modem 


Figure 7 BC21B-05 Modem Cable 
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DLVll-J 


EIA RS-232C 



at entry point. 


RCV DATA 

XMT DATA 


GRD 


Figure 8 BC20N-05 “Null Modem” Cable 


PROGRAMMING 

The DLV11-J contains a bank of sixteen (16) contiguous registers that 
may be positioned from ISOOOOg to In address space by wire 

wrap jumpers. Four registers are provided for each of the four SLU 
channels. 

The format of these registers Is shown In Figure 1. 

Similarly, the DLV11-J has a bank of eight contiguous Interrupt vec¬ 
tors that may be positioned In vector space from OOOg to Z17^ by 
jumpers. Two vectors (receive and transmit) are provided for each of 
the four channels. 


NOTE 

One channel may be separately configured as the 
computer console device (177560-08, vectors 60 and 
64) provided the module base address Is 1765008, 

1765408 or 1775008- 

To software, the DLV11-J appears to be four Independent serial line 
units similar to four single-channel DLV1 Is. 
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DLV11-KA EIA TO 20 MA CONVERTER 


GENERAL 

The DLV11-KA option consists of the DLV11-KB EiA-to-20 mA 
converter unit and a BC21A-03 EIA interface cable. This option is 
designed to allow 20 mA current loop capability to be added to a 
standard RS-232 EIA serial line unit interface module, such as the 
DLV11-J. The DLV11-KB is a small enclosed box with two connectors 
one (2X5 pin Berg) for the EIA/TTL signals from the interface module 
and the other (standard DIGITAL 20 mA connector 8-pin Mate-N-Lok) 
for the 20 mA signals to 20 mA peripherals using standard DIGITAL 20 
mA cabling. 

FEATURES 

• EIA RS-232 to 20 mA converter (XMT data) 

• 20 mA to EIA RS-232 converter (RCVR data) 

• A program-controlled, one character at a time reader advance func¬ 
tion for DIGITAL-modified ASR-33 Teletypes 

• A 110 baud rate generator 

• Optical isolation 

• Choice of active or passive operation 

• Operates up to 9600 baud rate 

• Drive capability up to 4000 feet of cable 

Teletype is a registered trademark of Teletype Corporation. 
SPECIFICATIONS 

13.3cm (5.25 in.) long 


11.4cm (4.5 in.) wide 
2.64cm (1.04 in.) high 

+12.0 Vdc ±5% at 0.275 A max 


Power: 


20 mA Transmitter 

Switch is passive and optically isolated and goes to “mark” state when 
power is turned off (passive mode). 


Minimum Typical 


Maximum 

40V 


Open circuit voltage 8.0V 


(of circuit being driven) 

Voltage drop marking 0.5V 


2.0V 
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Spacing current 

0.4 mA 

- 

1.8 mA 

Marking current 

20 mA 

- 

80 mA 

Rise and faii time 

2/uS 

6 MS 

10 MS 

Waveform distortion 

Ofis 

7 MS 

15 mS 

Constant current sink 

20 mA 

24 mA 

28 mA 

(active mode) 

When the transmitter Is active, the maximum cable loop resistance 

plus receiver equivalent resistance (at 20 mA) Is 600 

ohms. 

20 mA Receiver 

Receiver is passive and opticaily isolated. 

Minimum 

Voltage drop marking 0.4V 

Typical 

1.35V 

Maximum 

2.4V 

Spacing current 

0.0 mA 

- 

6 mA 

Marking current 

16 mA 

- 

80 mA 

Waveform distortion 

O/iS 

7 juS 

15 MS 

Constant current load 

20 mA 

24 mA 

28 mA 


(active mode) 

When the receiver is active, the maximum cable loop resistance plus 

transmitter equivalent resistance (at 20 mA) Is 600 ohms. 

Temperature 

Storage temperature range: -40° Cto66° C(-40° F to 151 

Before operating a module which 
is at a temperature beyond the 
operating range, that module 
must first be brought to an envi¬ 
ronment within the operating 
range and then allowed to stabil¬ 
ize for a reasonable length of time 
(five or more minutes, depending 
on air circulation). 


Operating temperature range: 


5 ° Cto 60° C(41° Fto 140° F) 
Derate the maximum operating 
temperaure by 0.5° C (1 ° F) for 
each 1000 feet of altitude above 
8000 feet. 
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Relative Humidity: 

Altitude; 

Environment: 


10% to 95%, noncondensing 
Up to 50,000 feet (90 mm mercury) 
Air must be noncaustic 


DESCRIPTION 

The DLVII-KA contains the following functional circuits (Figure 1): 
EIA-to-20 mA converter, 20 mA-to-EIA converter, reader run, 110 
baud rate generator, current sources and current sinks, a +5 Vdc 
generator and a -12 Vdc charge pump. These circuits are selected by 
the user to operate in a desired configuration. 

EIA-to-20 mA 

The circuit accepts a standard EIA RS-232 signal to an EIA receiver 
and then provides optical isolation before it activates a passive 20 mA 
switch. When the EIA input is in the “mark” condition (less than -3V), 
the switch is on. When the EIA input is in the “space” condition (great¬ 
er than +3V), the switch is off. The user can select passive or active 
operation by using jumpers as described in the Configuration section. 
The current source is provided by a 180 ohm resistor connected to the 
+ 12 Vdc and the current sink is provided by a 24 mA current-limited 
load to -12 Vdc. 

20 mA-to-EIA 

The circuit receives a 20 mA signal in a passive 20 mA detector. The 
signal is optically isolated and then generates a standard EIA RS-232 
output. With the 20 mA current signal flowing into the 20 mA detector, 
the EIA output is in the “mark” state (less than -3V). With the 20 mA 
current off, the EIA output is in the “space” state (greater than +3 V). 
The current source is provided by a 180 ohm resistor connected to the 
+ 12 Vdc and the current sink is provided by a 24 mA current-limited 
load to -12 Vdc. When using this circuit with an ASR-33 Teletype, the 
user should install the noise suppression capacitor. 

Reader Run 

The reader run circuit receives a TTL pulse to set a flip-flop. This flip- 
flop enables the relay drive circuit that drives the reader run relay in a 
DIGITAL-modified ASR-33 Teletype. The Teletype reader will advance 
to the next character and initiate its transmission down the line. A 
delay circuit is used to reset the flip-flop in the middle of the start bit 
and therefore disable the reader run circuits. When the first character 
has been received, the flip-flop may again be set to advance to the 
next character for its transmission. When used with the DLV11-J inter- 
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face module, the circuit allows only one character to be transmitted by 
the Teletype each time a 1 is written into the reader enable bit of the 
RCS register. 

NOTE 

For proper operation of Teletype ASR-33 with 
DIGITAL-supplied paper tape software, the SLU 
should be configured for eight data bits, two stop 
bits, and no parity. The Teletype models can be 
LT33-DC, LT33-DD, LT33-DE, or an ASR-33 Tele¬ 
type with the LT33-MB modification kit installed. 

110 Baud Rate Generator 

A 614.4 kHz crystal oscillator frequency is divided by 352 (by 11 and 
32) to produce a 110 baud UART clock at 1760 Hz (16 X 110). This 
signal is sent back to the SLU module through the BC21A-03 cable. 

+5 Vdc Generator .u 

The +5 Vdc voltage Is generated by a zener diode that drops the + i2 

Vdc power to +5 Vdc and is for Internal use only. 

-12 Vdc Charge Pump 

The —12 Vdc charge pump uses the output of the 614.4 kHz crystal- 
controlled clock that is amplified and then rectified to produce the -12 
Vdc reference voltage. 
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Figure 1 DLV11-KA Functional Block Diagram 
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CONFIGURATION . _ 

The DLV11-KA requires the configuration of eieven jumper wire con¬ 
nections and one capacitor connection. The iocations 
ers are shown in Figure 2 and their functions are iisted in Table 1. 

Current Loop Definition . 

In simpiest terms, the current in a circuit ioop which extends ^e 
sender to the receiver is switched on and off to represent so^® P®; 
uiar format for seriai transmission of binary data. Besides the actual 
current path (wire), the following other three functions are required in 
every current loop: 

1. Current source 2. Switch 3. Current detector 
The switch has to be located in the transmitter, and the current 
detector has to be located in the receiver. However, the 
may be located in either the sender or receiver. The function that 
inckides the current source is designated active and the one without it 
oassive. Only one passive and one active function are allowed n a 
current loop: never two active or two passive functions (Figure 3). In 
oXt minimize ground differential noise coupling 'into d^a leads 
the transmitter and receiver at one end of the line shou d P® ®''^®^ 
both active or both passive, not mixed. Also, it is , 

configure the computer (master computer) as active and the terminal 

(slave computer) as passive. 

110 Baud Rate Generator 

This circuit provides a 16 X 110 (1760 Hz), TTL level, crysta ‘^ 

clock to be sent back to the serial line unit module in 

baud rate capability to the module. A solderable jumper (W11) is pro 



NOTE; 

THE NUMBER 2 INDICATES THAT 
IT IS THE W2 JUMPER WIRE. 


Figure 2 DLV11 -KA Jumper Locations 
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Table 1 DLV 11 -KA Jumper Configurations 


Function 

Passive 20 mA Receiver 
Active 20 mA Receiver* 
Passive 20 mA Transmitter 
Active 20 mA Transmitter* 
110 Baud Enabied* 

110 Baud Disabled 
Noise Suppression 

Factory configuration. 


Jumper In 

Jumper Out 

W7, W9 

W6, W8, W10 

W6, W8, W10 

W7, W9 

W2.W4 

W1,V'3,W5 

W1,W3, m 

W2, W4 

W11 



W11 



Figure 3 Standard Current Loop Interface 
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rouTSTi'ereS wJh a D,G,TAL.moa.,,ed ASR-33 Te,a„po 
and requires the user to install a 0.047 capacitor for suppres¬ 
sion. This capacitor is installed across the position designated C 
shown In Figure 2. 

The DLViTka option can pe InstalleO In a system that requires con¬ 
version Iron, EIA RS.232 Stanoaro to a 20 mA current loop^ The 
OLVtt.KA option cortsists ot a fl-VlI-KB convener box anO a 
BC21A-03 interface cable as shown in Figure 4. The BC21A-03 is a u.a 
m (mi oaLle that interconnects the DLVt 1-KB to a E'A SLU n»rt.„ 
mooule. The smaller oohhector (2 X 5 pin) cohnects te the SLU moO- 
ule and the larger connector (2X7 pin) connects to the DLV11-KB 
box Keying is provided on both connectors, and cable retention is 
provided by locking pins on the SLU connector. To disengage, pu l 
back on the connector shell and the connector will slide free. However, 
if the cable is pulled, the locking pins will hold the 
place. A BC05F-XX cable can be used to connect 
converter box to DIGITAL 20 mA terminals including the DIGIJAL- 
modified ASR-33 Teletype. External mounting dimensions for the 
DLVU-KB box are shown In Figure 5. 

?abll?other than the DIGITAL BC05F-XX can be 
the DLV11-KA option. However, any other cable must conform to the 
So «9 paramatars ih orOar to maat tha baud rata varsus cabla 
length specification described in Table 2. 

1. Resistance-not more than 30 ohms/1000 ft. (not less than 22 
AWG) 

2. Capacitance to ground—not more than 50 pF/ft. 

3. Capacitance wire-to-wire—not more than 35 pF/ft. 

The BC05F-XX cabie meets the above requirements. If the user de¬ 
sires to use shielded cable, the shield should be grounded to the 
Ss at entry point and not to the DLV11-KB converter box. The 
user can fabricate custom cables for the 20 mA interface by using 
DIGITAL connectors and pins. 

The DLVn-KA option wili operate up to a maximum of 9600 baud, 
provided that the interface module can accommodate these rates. 
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However, the maximum operational baud rate is also limited by the 
length of cable. Table 2 provides maximum recommended cable 
lengths for the specific baud rates. These recommendations are con¬ 
servative and will yield satisfactory operation for almost all applica¬ 
tions. Exceeding these guidelines should be done only after reviewing 
the DLV11-KA specifications, the severity of the operating environ¬ 
ment, and the error rate that can be tolerated. 


DLV11 KA OPTION 


BC21A03 

CABLE 


BC05F-XX 

CABLE 



/~ ~9~r5~3~T^ \ 


KEY 
(NO PIN) 

J1 BERG 
CONNECTOR 



I O O O O Q O < 

1 

J2 MATE 'N' LOK 
CONNECTOR 



Figure 4 DLV11 -KA Typical Installation 
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NOTE: 

COMPATIBLE WITH RETMA RACK SPACING. 

MR 2334 


Figure 5 DLV 1 1-KA Mounting Dimensions 


Table 2 Baud Rate vs. Cable Length 


Baud Rate 

9600 

4800 

2400 

1200 

600 

300 

110 


Max Cable Length 

30 m (100 ft.) 

76 m (250 ft.) 

152 m (500 ft.) 

305 m (1000 ft.) 
610 m (2000 ft.) 
1220 m (4000 ft.) 
1220 m (4000 ft.) 
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DRV11 PARALLEL LINE UNIT 
GENERAL 

The DRV11 is a general-purpose interface unit used for connecting 
parallel line TTL or DTL devices to the LSI-11 bus over up to 7.6 m (25 
ft) of cable. It permits program-controlled data transfers at rates up to 
40K words per second and provides LSI-11 bus interface and control 
logic for interrupt processing and vector generation. Data is handled 
by 16 diode-clamped input lines and 16 latched output lines. The 
device address is user-assigned and control/status registers (CSR) 
and data registers are compatible with PDP-11 software routines. 

FEATURES 

• 16 diode-clamped data input lines 

• 16 latched output lines 

• 16-bit word or 8-bit byte programmed data transfers 

• User-assigned device address decoding 

• LSI-11 bus interface and control logic for interrupt processing and 
vector generation 

• Interrupt priority determined by electrical position along the LSI-11 
bus 

• Control/status registers (CSR) and data registers that are compati- 
ble with PDP-11 software routines 

• Four control lines to the peripheral device for NEW DATA RDY 
DATA TRANS, REQ A, and REQ B 

• Logic-compatible with TTL and DTL devices 

• Program-controlled data transfer rate of 40K words per second 
(maximum) 

SPECIFICATIONS 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 

DESCRIPTION 
General 

Major functions contained on the DRV11 module are shown In Figure 
1. Communications between the processor and the DRV11 are execut- 


M7941 

Double 

5.0 Vdc ±5% at 0.9 A 

1.4 

1.0 
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ed via programmed I/O operations or interrupt-driven routines. 



TO/FROM 
USER 
DEVICE 
LOGIC 


cp-i8oe 


Figure 1 DRV11 Parallel Line Unit 


The DRV 11 is capable of storing one 16-bit output word or two 8-bit 
output bytes in DROUTBUF. The stored data (OUTO-15 H) is routed to 
the user’s device via an optional I/O cable connected to J1. Any pro¬ 
grammed operation that loads a byte or a word in DROUTBUF causes 
a NEW DATA RDY H signal to be generated, informing the user’s 
device of the operation. 

Input data (DRINBUF) is gated onto the BDAL bus during a DATI bus 
cycle. All 16 bits are placed on the bus simultaneously: however, when 
the processor is involved in an 8-bit byte operation, it uses only the 
high or low byte. When the data is taken by the processor, a DATA 
TRANS H pulse is sent to the user’s device to inform the device of the 
transfer. 


When addressing a peripheral device interface such as the DRV11, the 
processor places an address on BDALO-15 L, which is received and 
distributed as BRDO-15 H in the DRV11. The address is in the upper 
4K (28-32K) address space. On the leading edge of BSYNC L, the 
address decoder decodes the address selected by jumpers A3-A12 
and sets the device selected flip-flop (not shown): the active flip-flop 
output is the ME signal, which enables function selection and I/O 
control logic operation. At the same time, function selection logic 
stores address bits BRDO-2. 
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NOTE 


When addressed, the DRV11 always responds to ei¬ 
ther BDIN L or BDOUT L by asserting BRPLY L (L = 
assertion). 


Function Selection 

Function selection and I/O control logic monitors the ME signal and 
bus signals BDIN L. BDOUT L, and BWTBT L. It responds by generat- 
mg appropriate select signals which control internal dataqatina. NEW 
^ data TRANS H output signals for the user’s device 
and the BRPLY L bus signal which informs the processor that the 
responded to the programmed I/O operation. Since the 
processor as three addressable registers 
(DRCSR, DROUTBUF, and DRINBUF) that can be involved in either 
word or byte transfers, the three low-order address bits stored during 
the addressing portion of the bus cycie are used for function seiection. 
The select signals relative to i/0 bus controi signals and address bits 
0-2 are listed in Table 1. 


Function seiection is performed by a ROM located at E15 on the 
DRVII. The inputs to this ROM consist of the address bits and other 
LSI-11 bus signals as shown at the top of Table 1. This table shows the 
functions performed by the ROM outputs for a specific input condition. 
For example, when the output buffer is addressed by the processor 
the last octal digit is decoded by the ROM to provide the SEL2IN L and 
^ The RPLY L signal is deiayed and becomes the 

BRPLY L signal. The SEL2IN L signal is used by the DRVII logic to 
enabie the contents of the output buffer register to be piaced on the 
data lines of the LSI-11 bus so that the processor can read the data. 

NEW DATA READY H is active for the duration of BDOUT L when in a 
DROUTBUF write operation. This signai is normally active for 350 ns. 
However, by adding an optional capacitor in the BRPLY L portion of 
the circuit, the leading edge of BRPLY is delayed, effectively increas- 
irig the duration of the NEW DATA RDY H pulse; adding the capacitor 
aiso increases the DATA TRANS H pulse width by approximately the 
same amount. 


DATA TRANS H is active for the duration of BDIN L when In a DRIN¬ 
BUF read operation. This signai is normally active for 1150 ns. The 
time, however, can be extended by adding the optional capacitor to 
the BRPLY L portion of the circuit as previously described. 
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Table 1 DRV11 Device Function Decoding 
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Read Data Multiplexer 

multiplexer selects the proper data and places them on 
the BDAL bus when the processor inputs DRCSR, DROUTBUF or in¬ 
terrupt vectors: DRINBUF contents are gated onto the bus separately. 
The select signals (previously described) and VECTOR H produced 
by the interrupt iogic, control read data selection. 

DRCSR Functions 

The control/status register (DRCSR) has separate functions. Four of 
the six significant DRCSR bits can be involved in either write or read 
operations. The remaining two bits, 7 and 15, are read-only bits that 
are controiied by the externai device via the REQ A H and REQ B H 
signals, respectively. The four read/write bits are stored in the 4-bit 
CSR iatch. They represent CSRO and CSR1 (DRCSR bits 0 and 1, 
respectively), which can be used to simulate interrupt requests when 
used with an optionai maintenance cable. INT ENB A and INT ENB B 
(bits 6 and 5, respectively) enable interrupt logic operation. Note that 
CSRO and CSR1 are availabie to the user’s device for any user apoli- 
cation. 


DRINBUF Input Data Transfer 

DRINBUF is an addressabie 16-bit read-only register that receives 
data from the user’s device for transmission to the LSi-11 bus. Data to 
be read are provided by the user’s device on the INO-15 H signal lines. 
Since the input buffer consists of gating logic rather than a flip-slop 
register, the user’s device must hold the data on the lines untii the data 
input transaction has been completed. 

The input data are read during a DATI sequence while bus drivers are 
enabled by the SEL4IN L signal. The DATA TRANS pulse that is sent to 
the user’s device by the function select logic informs the device of the 
transaction. Input data can be removed on the trailing edge of this 
pulse. 


DROUTBUF Output Data Transfer 

DROUTBUF comprises two 8-bit iatches, enabling either 16-bit word 
or 8-bit byte output transfers. Two SEL2 signals function as clock 
signals for the latches. When in a DATO bus cycle, both signals clock 
data from the internal BRDO-15 H bus into the latches. However, when 
in a DATOB cycle, only one signal clocks data into an 8-bit latch, as 
determined by address bit 0 previously stored during the addressing 
portion of the bus cycle. 
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The NEW DATA RDY H pulse generated by the function select logic is 
sent to the user’s device to inform the device of the data transaction. 
The data can be input to the device on the trailing edge of this pulse. 


The DRV*11 contains LSI-11 bus-compatible interrupt logic that allows 
the user’s device to generate interrupt requests. Two independent 
interrupt request signais (REQ A H and REQ B H) are capable of 
requesting processor service via separate interrupt vectors. In 
addition DRCSR contains two interrupt enable bits (INT EN A and INT 
EN B bits 6 and 5. respectively), which independently enable or dis¬ 
able interrupt requests. REQ A and REQ B status can be read by the 
processor in DRCSR bits 7 and 15, respectively. Since separate inter¬ 
rupt vectors are provided for each request, one of the requests could 
be used to imply that device data is ready for input and the remaining 
request could be used to imply that the device is ready to accept new 


data. 

An interrupt sequence is generated when a DRCSR INT EN bit (A or B) 
is set and its respective REQ signai is asserted by the device. The 
processor responds (if its PS bit 7 is not set) by asserting BDIN L; this , 
enables the device requesting the interrupt to place its vector on the 
BDAL bus when the interrupt request is acknowledged. The processor 
then asserts BIAKQ L, acknowledging the interrupt J'j'® 

DRV11 receives BIAKI L and the interrupt logic generates VECTOR H, 
which gates the jumper-addressed vector information through the j 
read data multipiexer and bus drivers and onto the LSI-11 bus. The 
processor then proceeds to service the interrupt request. 


The maintenance mode aliows the user to check DRV11 operation by 
instaliing an optional BC08R cable between connectors J1 and J2. 
This maintenance cable allows the contents of the output buffer 
DROUTBUF to be read during a DRINBUF DATI bus cycle. In addition, 
interrupts can be simuiated by using DRCSR bits CSRO C^RI- 
CSR1 is routed via the cable directly to rhe REQ B H input and CSRO is 
routed to the REQ A H input. By setting or clearing INT EN A, INT EN B, 
and CSRO and CSR1 bits in the DRCSR register, a maintenance pro¬ 
gram can test the interrupt facility. 


BINIT L is received by a bus driver, inverted, and distributed to DRV11 
logic to initiaiize the device interface. The buffered initialize signal is 


266 









DRV11 


available to the user’s device via the AINIT H and BINIT H signal lines. 
DRV11 logic functions cleared by the BINIT signal include DROUT- 
BUF, DRCSR (bits 0,1,5, and 6), and interrupt logic. 

CONFIGURATION 

The following paragraphs describe how the user can configure the 
module by inserting or removing jumpers (Figure 2) so that it will 
function within his system. The jumpers, listed in Table 2, indicate the 
factory configuration when shipped. 



OPTIONAL EXTERNAL 
CAPACITOR 


M7941 ETCH REV C 


J 


Figure 2 DRV11 Jumper Locations 
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Table 2 DRV11 PLU Factory Jumper Configuration 


Jumper 

Designation 

Jumper 

State 

Function Implemented 

A3 

R 

This arrangement of jumpers A3 through 

A4 

R 

A12 assigns the device address 16777X 

AS 

R 

to the PLU. This address is the starting 

A6 

A7 

Aft 

R 

address of a reserved block in memory 

R 

bank 7 which is recommeded for user 

R 

device address assignments. The least 

/AO 

A9 

R 

significant digit X is hardwired on the 

A10 

R 

module to implement the three PLU de¬ 

A11 

R 

vice addresses as foilows: 

A12 

I 

X = 0 DRCSR address 

X = 2 Output buffer address 

X = 4 Input buffer address 

V3 

V4 

I 

This factory-instailed jumper configura¬ 

I 

tion impiements the two interrupt vector 

V5 

V6 

I 

addresses 300 and 304 for use as de¬ 

R 

fined by application requirements. 

V7 

R 



* R = Removed, I = Installed 


Addresses for the DRV11 can range from 16000X 
The three least significant bits are predetermined for the other DRV11 
registers as shown in Table 3 and Figure 3. Addresses within 177560 
to 177566 are reserved for the console device and should not be used 

for the DRV11. 
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Table 3 Standard Assignements 


First Second 


Description 

Mnemonic 

Read/ 

Write 

Module Module 
Address Address 

Register 

Control and 

Status 

Output Buffer 
Input Buffer 

Interrupt 

Request A 
Request B 

15 

1-1-T— 

DRCSR 

DROUTBUF 

DRINBUF 

REQA 

REQB 

8 7 

R/W 

R/W 

R 

167770 167760 

167772 167762 

167774 167764 

300 310 

304 314 

tl ' 1 ' 1 1 

J-J_L 1 

rrr 


J 1 

BBS7L 1 1 

•t(L) 1 1 


III'' 


'- ' 1 

byte select 
*- 1* high by1e(8-15) 

0* low byte ( 0 -7 ) 

register 

< < 

o ^ 

< < < < < 

1 1 1 

lO ^ 

< < < 



ADDRESS JUMPERS: 

installed *0 

REMOVED *1 



OOX . DRCSR 

01X = DROUTBUF 

10X = DRINBUF 

11 X = NO RESPONSE 

cp-ieio 


Figure 3 DRV11 Device Address Selection 


^ '"Stalled or removed to produce the 

remolpH sPP^opriate jumpers are 

removed to produce logical 1 bits, and instalied to produce logical 0 


Vectors 

The two vectors are selected within the range of 000 to 374 by usinc 
jumpers V3 to V7. Vector bits 3 through 7 are selected by the user to 

*" F'giJ'-e 4. The factory configuration 
sets the interrupt vector for 300 as shown in Table 3 and Figure 4. 
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J L 


I I L 


(DRCSR-15) 

requesting device 
0-REQ A 
1 «REO B 


VECTOR JUMPERS; 
installed=o 

removed *1 CP-1745 


Figure 4 DRV11 Interrupt Vector 


"hf»"rd forma, tor .he control and statue register (DROSR) is shown 
in Figure 5 and described in Table 4. 


' □ i_i. 


J L 


REQUEST B 
(READ ONLY) 


REQUEST A INT ENB B 
(READ ONLY) I (READ/WRITE) 
INT ENB A 
(READ/WRITE) 


CSRI 

(READ/WRITE) 

CSRO 

(READ/WRITE) 

MR-oeio 


Figure 5 DRCSR Word Format 

Table 4 DRCSR Word Formats 


Bit" 15 Name: Requests. 

Function: This bit is under control of the user’s device and may be 
used to initiate an interrupt sequence or to generate a fiag that may 
tested by the program. 

When used as an interrupt request, it is asserted byjhe extern®'^ 
vice and initiates an interrupt provided the INT ® ^ ® 

set. When used as a flag, this bit can be read by the program to 

monitor externai device status. 

When the maintenance cable is used, the state of this bit is dependent 
on the state of CSRI (bit 1). This permits 

by loading a 0 or 1 into CSR1 and then verifying that Request B is the 
same value. 

Read-oniy bit. Cieared by INIT when in maintenance mode. 
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i Bit: 14-8 Name: Not used. 

Function: Read as 0. 

Bit: 7 Name: Request A. 

Function: Performs the same function as Request B (bit 15) except 
that an interrupt is generated only if INT ENB A (bit 6) is also set. 

When the maintenance cable is used, the state of Request A is identi¬ 
cal to that of CSRO (bit 0). 

Read-only bit. Cleared by INIT when in maintenance mode. 

Bit: 6 Name: INT ENB A. 

Function: Interrupt enable bit. When set, ailows an interrupt request 
to be generated, provided Request A (bit 7) becomes set. 

Bit: 5 Name: INT ENB B. 

Function: Interrupt enable bit. When set, allows an interrupt se¬ 
quence to be initiated, provided Request B (bit 15) becomes set. 

Bit: 4-2 Name: Not used. 

Function: Read as 0. 

Bit: 1 Name: CSR1. 

Function: This bit can be loaded or read (under program control) 
and can be used for a user-defined command to the device (appears 
oniy on connector number 1). 

When the maintenance cable Is used, setting or clearing this it causes 
I an identicai state in bit 15 (request B). This permits checking operation 
I of bit 15 which cannot be loaded by the program. 

I Can be loaded or read by the program (read/write bit). Cleared by 
INIT. 

Bit: 0 Name: CSRO. 

Function: Performs the same functions as CSR1 (bit 1) but appears 
only on connector number 2. 

When the maintenance cabie is used, the state of this bit controls the 
state of bit 7 (Request A). 

Read/write bit; cieared by INIT 
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The word format for the transmit output buffer (DROUTBUF) is shown 
in Figure 6 and defined in Tabie 5. 


DROUTBUF I I _ \ I _ I I I I I 

DATA OUT 
(READ/WRITE) 

Figure 6 DROUTBUF Word Format 

Table 5 DROUTBUF Word Format 


Bit: 15-0 Name: Output Data Buffer. 

Function: Contains a fuii 16-bit word or one or two 8-bit bytes; high 
byte = 15-8; iow byte = 7-0. 

Loading is accomplished under a program-controlled DATO or DA- 
TOB bus cycle. It can be read under a program-controlled DATI cycle. 

The word format for the receiver input buffer (DRINBUF) is shown in 
Figure7 and defined in Tables. 


DRINBUF 



DATA IN 
(READ ONLY) 

MR-0812 


Figure 7 DRINBUF Word Format 


Table 6 DRINBUF Word Format 


Bit: 15-0 Name: Input Data Buffer. 

Function: Contains a full 16-bit word or one or two 8-bits bytes. The 
entire 16-bit word is read under a program-controlled DATI bus cycle. 
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Installation 

Prior to installing the DRVII on the backplane, first establish the 
desired priority level for the backplane slot installaton. Check that 
proper device address vector jumpers are installed. The DRV11 can 
then be installed on the backplane. Connection to the user’s device is 
via optional cables. 

Interfacing to the User’s Device 

Interfacing the DRV11 to the user’s device is via the two board-mount¬ 
ed H854 40-pin male connectors. Pins are located as shown in Figure 
8. Signal pin assignments for input interface J2 (connector number 2) 
and output interface J1 (connector number 1) are listed in Table 7. 
Optional cables and connectors for use with the DRV11 include: 

eC08ft-07—Maintenance cable; 40-conductor flat with H856 connec¬ 
tors on each end. 

BC07D-X *—Signal cable; two 20-conductor ribbon cables with a sin¬ 
gle H856 connector on one end; remaining end is terminated by the 
user. Available in lengths of 3, 4.6, and 7.6 m (10,15, and 25 ft). 

* The -X in the cable number denotes length in feet, -10, -12, -20. For example, 
a 10-ft BC07D cable would be ordered as BC07D-10. 

SC04Z-X*—Flat 40-conductor signal cable with a single H856 connec¬ 
tor on one end; remaining end is terminated by the user. Available in 
lengths of 3,4.6, and 7.6 m (10,15, and 25 ft). 

ecV'lf-X*—Flat, 40-conductor, twisted pair cable with a single H856 
connector on one end. The remaining end is connected by the user. 
Available in lengths of 1.5, 3, 4.6, 6.1, and 7.6 m (5, 10, 15, 20, and 25 
ft). 

H856 —Socket, 40-pin female, for user-fabricated cables. 

When using the BC07D cable, connect the free end of the ribbon 
cables using the wiring data contained in Table 8. 
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Figure 8 J1 or J2 Connector Pin Locations 

The -X in the cable number denotes length in feet, -10, -12, -20. For example, 
a 10-ft BC07D cable would be ordered as BC07D-10. 
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Table? DRVii input and Output Signal Pins 


Signal 

Inputs 

Connector Pin 

INOO 

J2 

TT 

IN01 

J2 

LL 

IN02 

J2 

H.E 

IN03 

J2 

BB 

IN04 

J2 

KK 

IN05 

J2 

HH 

IN06 

J2 

EE 

IN07 

J2 

CC 

IN08 

J2 

Z 

IN09 

J2 

Y 

IN10 

J2 

W 

IN11 

J2 

V 

IN12 

J2 

U 

IN13 

J2 

P 

IN14 

J2 

N 

IN15 

J2 

M 

REQB 

J2 

S 

DATA 

J2 

C 

TRANS 



CSRO 

J2 

K 

INIT 

J2 

RR, Nl 


Outputs 

Signal Connector Pin 


OUTGO 

J1 

c 

OUT01 

J1 

K 

OUT02 

J1 

NN 

OUT03 

J1 

U 

OUT04 

J1 

L 

OUT05 

J1 

N 

OUT06 

J1 

R 

OUT07 

J1 

T 

OUT08 

J1 

W 

OUT09 

J1 

X 

OUT10 

J1 

z 

OUT11 

J1 

AA 

OUT12 

J1 

BB 

OUT13 

J1 

FF 

OUT14 

J1 

HH 

OUT15 

J1 

JJ 

REQA 

J1 

LL 

NEW DATA 
RDY 

J1 

VV 

CSR1 

J1 

DD 

INIT 

J1 

P 


Table 8 BC07D Signal Cable Connections 


Cable 1 (connector pins B-VV) Cable 2 (connector pins A-UU) 
Wire J1 j 2 j2 

Color Pins Signai Signal Pins Signal Signal 


bik 

B 

open 

open 

A 

open 

open 

brn 

D 

open 

open 

C 

OUTGO 

DATA 

TRANS 

red 

F 

open 

open 

E 

open 

IN02 
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Table 8 BC07D Signal Cable Connections (Cont) 


Cable 1 (connector pins B-VV) Cable 2 (connector pins A-UU) 
Wire 

Coior Pins Signai Signai Pins Signai Signai 


orn 

J 

GND 

GND 

H 

open 

IN02 

yel 

L 

OUT04 

GND 

K 

OUT01 

CSRO 

grn 

N 

OUT05 

IN14 

M 

GND 

IN15 

blu 

R 

OUT06 

GND 

P 

INIT 

IN13 

vio 

T 

OUT07 

GND 

S 

GND 

REQB 

gry 

V 

GND 

IN11 

U 

OUT03 

IN12 

wht 

X 

OUT09 

GND 

W 

OUT08 

IN10 

bik 

z 

OUT10 

IN08 

Y 

GND 

IN09 

brn 

BB 

OUT12 

IN03 

AA 

OUT11 

GND 

red 

DD 

CSR1 

GND 

CC 

GND 

IN07 

orn 

FF 

OUT13 

open 

EE 

GND 

IN06 

yel 

JJ 

OUT15 

GND 

HH 

OUT14 

IN05 

grn 

LL 

REQ A 

IN01 

KK 

GND 

IN04 

blu 

NN 

OUT02 

INIT 

MM 

GND 

GND 

vio 

RR 

OUT02 

INIT 

PP 

GND 

GND 

gry 

TT 

open 

INOO 

SS 

GND 

GND 

wht 

VV 

NEW 

DATA 

RHY 

open 

UU 

GND 

GND 
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Table 9 BC08R Maintenance Cable Signal Connection 


Pin 


J2 


J1 


Name Pi„ ^ame 


VV OPEN A 

UU GND B 

TT INOO c 

SS GND D 

RR INITH E 

PP GND F 

NN INIT hH 

MM GND j 

LL IN01 K 

KK IN04 L 

JJ GND M 

HH IN05 N 

FF OPEN p 

EE IN06 R 

DD GND s 

CC IN07 T 

BB IN03 u 

AA GND V 

2 IN08 W 

Y IN09 X 

X GND Y 

W IN10 Z 

V IN11 aA 

U IN12 BB 

T GND CC 

S REQ B DD 

R GND eE 

P IN13 FF 

N IN14 hH 

M IN15 JJ 

L GND KK 

K CSRO LL 

J GND mm 


OPEN 

OPEN 

OUTGO 

OPEN 

OPEN 

OPEN 

OPEN 

GND 

OUT01 

OUT04 

GND 

OUT05 

INITH 

OUT06 

GND 

OUT07 

OUT03 

GND 

OUT08 

OUT09 

GND 

OUT10 

OUT11 

OUT12 

GND 

CSR1 

GND 

OUT13 

OUT14 

OUT15 

GND 

REQ A 

GND 
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Table 9 BC08R Maintenance Cable Signal Connection (Cont) 


Pin 


H 

F 

E 

D 

C 

B 

A 


J2 


J1 


Name 

Pin 

IN02 

NN 

OPEN 

PP 

IN02 

RR 

OPEN 

SS 

DATA TRANS TT 

OPEN 

UU 

OPEN 

VV 


Name 

OUT02 

GND 

OUT02 

GND 

OPEN 

GND 

NEW DATA RDY 


Output Data Interface 

The output interface is the 16-bit buffer (DROUTBUF). It can be either 
loaded or read under program control. When loaded by a DATO or 
DATOB bus cycle, the NEW DATA RDY H pulse is generated to inform 
the user’s device of the data transfer. The trailing edge of this positive- 
qoing pulse should be used to strobe the data into the user’s device in 
order to allow data to settle on the interface cable. The system initialize 
signal (BINIT L) will clear DROUTBUF. 


All output signals are TTL levels capable of driving eight unit loads 
except for the following; 


New Data Ready = 10 unit loads 
Data Transmitted = 30 unit loads 
INIT (Initialize) = 10 units per connector 


Input Data Interface . 

The input interface is the 16-bit DRINBUF read-only register, made up 
of gated bus drivers that transfer data from the user’s device onto the 
LSI-11 bus under program control. DRINBUF is not capable of storing 
data- hence the user must keep input data on the IN lines until read by 
the processor. When read, the DRV11 generates a positive-going DA- 
TA TRANS H pulse which informs the user’s device that the data has 
been accepted. The trailing edge of the pulse indicates that the input 
transfer has been completed. 

All input signals are one standard TTL unit load; inputs are protected 
by diode clamps to ground and +5 V. 
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Request Flags 

Two signal lines (REQ A H and REQ B H) can be asserted by the user’s 
device as flags In the DRCSR word. REQ B Is available via connector 
number 2, and it can be read in DRCSR bit 15. REQ A is available via 
connector number 1, and it can be read in DRCSR bit 7. Two DRCSR 
interrupt enable bits, INT ENB A (bit 6) and INT ENB B (bit 5), allow 
automatic generation of an interrupt request when their respective 
REQ A or REQ B signals are asserted. Interrupt enable bits can be set 
or reset under program control. 


n a typical application, REQ A and REQ B are generated by request 
flip-flops in the user’s device. The user’s request flip-flop must be set 
's required and must be cleared by the trailing edge of 
NEW DATA RDY or DATA TRANS when the appropriate data transac¬ 
tion has been completed. 


This timing is shown in Figure 9. The logic required by the user to 
implement this is shown in Figure 10. The logic consists of a flip-flop 
that is set by the User Request pulse, which Indicates that the user’s 
device is requesting a transfer. The flip-flop Is reset by the trailinq 
edge of the NEW DATA RDY signal or the DATA TRANS signal. 


DROUTBUF 


<OUT0e): OUT15> ore sef/reset 
by the DRV 11 under control of 
the 11/03 


NEW DATA READY 
Pulsed by DRV 11 when the 
11/03 writes data to the 0RV11 


REQUEST A 

Set by user when reody for new doto 
from 11/03; reset by user upon 
trailing edge of NEW DATA READY 


DRCSR 

< bit 6> Interrupt Enable A 
Set by user to allow interrupt-driven 
dato transfer. 


DRCSR 

< bit 7> Request A flag 
Indicates state of REQUEST A line. 


<data = 0> 


X 


<data*l> 

<data- 0> 



I 

I 

I 2 300ns 


I 





WRITE DATA TO BUFFER — 


I 

^TRAILING EDGE. DATA STABLE 

I 


m _ '*'AIT for a response to 



the interrupt request ■ 

I 

J 









11-4589 


Figure 9 DRV11 Interface Signal Sequence 
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Figure 10 User Request Logic 

NOTE 

The User Request signal must return to the high 
state prior to the occurrence of the trailing edge of 
NEW DATA RDY or DATA TRANS. The leading edge 
of NEW DATA RDY or DATA TRANS can be used for 
this purpose. In most applications, a pulse on the 
User Request Line of less than 10 /iS is adequate. 
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Initialization 

The BINIT L processor-generated initialize signal is applied to DRvil 
circuits for interface iogic initialization. It is also available to the user’s 
circuits via connectors J1 and J2 as follows: 


Connector/Pin Signal 

J1/P AINITH 

J2/RR BINIT H 

J2/NN BINIT H 


An active BINIT L signal will clear DROUTBUF data, DRCSR bits 6 5 1 

0. bits 16 and 7 (when the maintenance cable is connected),’ and 
interrupt request and interrupt acknowledge flip-flops. 


NEW DATA RDY and DATA TRANS Pulse Width Modification 

An optional capacitor can be added by the user to the DRV11 moduie 
to extend the pulse width of both the NEW DATA RDY and DATA 
TRANS pulse widths. The capacitor can be added in the iocation 

shown in Figure 2 to produce the approximate pulse widths listed 
below. 


Optional External 
Capacitance (F) 

None 


0.0047 

0.01 

0.02 

0.03 


Approximate Pulse Width (ns) 


NEW DATA RDY 

350 

750 

1550 

2330 

3150 


DATA TRANS 

1150 

1550 

2400 

3200 

3900 


BC08R Maintenance Cable 

When using the optional BC08R maintenance cable, the connections 
listed in Tabie 9 are provided. Cable connectors PI and P2 are con¬ 
nected to DRV11 connectors J1 and J2, respectively. Note that CSRO 
(J2-K), which can be set or reset under program controi, is routed to 
the REQ A input (J1-LL); similarly, CSR1 (J1-DD) is routed to REQ B 
(J2-S). Hence, a maintenance program can output data to DROUTBUF 
and read the same data via the cable and DRINBUF. DRCSR bits 0 
(CSRO) and 1 (CSR1) can be used to simulate REQ A and REQ B 
signals, respectively. If the appropriate INT ENB bit (DRCSR bits 5 or 
6) is set, the simulated signal will generate an interrupt request. Note 
that the BC08R cable must incorporate a haif-twist when connected to 
J1 and J2. 
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DRV11-B DMA INTERFACE 


The DRV11-B is a general purpose direct memory access (DMA) inter¬ 
face used to transfer data directly between tthe LSI-11 system memo¬ 
ry and an I/O device. The interface is programmed by the processor to 
move variable length blocks of 8- or 16-bit data words to or from 
specified locations in memory by means of the LSI-11 bus. Once pro¬ 
grammed, no processor intervention is required. The DRV11-B can 
transfer up to 250K 16-bit words per second in single cycle mode and 
up to 500K 16-bit words per second in burst mode. The control struc¬ 
ture also allows read-modify-restore operations. 

FEATURES 

• Buffered input/output data 

• Data transfer rate of up to 500K 16-bit words per second 

• Tranfer of up to 32K 16-bit words 

• Compatible with LSI-11 bus 

• 16-bit CSR available for control and status functions 

• Two 40-pin I/O connectors mounted on module for interface with 
user’s hardware 

• Switch-selectable device address and interrupt vector 


SPECIFICATIONS 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 


M7950 

Quad 

+5Vdc ±5% at 1.9 A 

3.3 

1 


DESCRIPTION 

General 

Basic functions that make up the DRV11-A are shown in Figure 9. The 
following paragraphs describe the DRV11-B registers, the bus opera¬ 
tions required for DMA transfers and the DMA transfer timing. 


282 




DRV11-B 


DRV11-B Registers 

The DRV11-B contains five registers: 

Word Count Register (WCR) 

Bus Address Register (BAR) 
Control/Status Register (CSR) 
Output Data Buffer Register (ODBR) 
Input Data Buffer Register (IDBR) 


Word Count Register (WCR) - The WCR is a 16-bit read/write regis¬ 
ter that controls the number of transfers. This register is loaded (under 
program control) with the 2’s complement of the number of words to 
be transferred. At the end of each transfer, the word count register is 
incremented. When the contents of the WCR are incremented to zero 
transfers are terminated. READY is set, and if enabled, an interrupt is 
requested. The WCR is word-addressable only. 

Bus Address Register (BAR) - The BAR is a 15-bit read/write regis¬ 
ter. This register is loaded (under program control) with a bus address 
(not including the address bit 0) which specifies the location to or from 
which data is to be transferred. The BAR is incremented acros 32K 
memory boundaries via the extended address feature of the DRV11-B. 
Systems with only 16 address bits will “wrap-around” to location zero 
when the extended address bits are incremented. The BAR Is word- 
addressable only. 


Control/Status Register - The CSR is a 16-bit register used to 
control the function and monitor the status of the interface Bit 0 is a 
write-only bit and always reads as zero. Bits 1-6 and bits 8 and 12 are 
read/write bits; bits 7, 8-11 and 13-15 are read-only bits. Bit 14 can be 
written to a zero. Bits 4 and 5 are the extended addressing bits. The 
CSR Is both byte- and word-addressable. 

Input and Output Data Buffer Regisers (DBRs) — The two DBRs are 
1^6-bit registers. The input DBR is a read-only register and the output 
DBR IS a write-only register. Data is loaded into the input DBR by the 
user’s device and subsequently transferred into memory under DMA 
control by the DRV11-A , or under program control by the processor 
Conversely, data is written into the output DBR from memory under 
DMA control by the DRV11-B, or under program control by the proc¬ 
essor, and read by the user’s device. The input and output DBRs 
interface to the user’s device by means of two separate 40-pin I/O 
connectors. These connectors may be cabled together (for mainte¬ 
nance purposes) to function as a read/write register. The input and 
output DBRs share the same bus address and are byte- and word- 
addressable. 


283 














DRV11-B 



284 


Figure 1 DRV11-B Logic Block Diagram 
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User’s I/O Device to System Memory Transfer (DATO or DATOB) 

Data transfers from the user’s I/O device to the memory are DMA 
transfers. Figure 10 illustrates the data flow for a DMA DATO or DA¬ 
TOB cycle. Referring to Figure 9. DMA transfers are initialized under 
program controi by loading the DRV11-B WCR (in 2’s complement) 

number of words to be transferred; loading 
the BAR with the starting memory address for word storage- and set- 
ting the CSR for transfers. 



Figure 2 DMA DATO/DATOB Data Flow Diagram 

When the GO bit of the CSR is written to a “one,” READY goes low, the 
user’s I/O device conditions the AGO, BA INC ENB, WC INC ENB 
ATTN, SINGLE CYCLE (high for normal DMA transfers), and the CO, 
Cl (Table 6) lines, and then asserts CYCLE REQUEST. The input data 
bits and the control bits (CO, Cl and SINGLE CYCLE) are latched into 
the respective DRV11-B registers. CYCLE REQUEST sets CYCLE and 
causes the DRV11-B to assert BDMR, which makes an LSI-11 bus 
request and causes BUSY to go low. In response to BDMR, the 
processor asserts BDMGO which is received as BDMGI. The DRV11-B 
becomes bus master and asserts BSACK and negates BDMR. The 
terminates the bus grant sequence by negating 


When the DRV11-B becomes bus master, a DATI or DATIO bus cycle 

of described). The DRV11-B places the address 

of the memory location from which the first word is taken on the BDAL 
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Figure 3 DMA DATIO/DATI Data Flow Diagram 

lines and asserts BSYNC. Memory decodes and latches the address. 
The DRV11-B then removes the address from the BDAL lines and 
asserts BDIN. Input data is now placed on the BDAL lines by the 
memory and the memory asserts BRPLY. The input data is accepted 
by the DRV11-B and BDIN is negated. Memory negates BRPLY and 
the DRV11-B negates BSACK and BSYNC to terminate the bus cycle 
and release the bus. The output data bits for the user’s I/O device are 
stored in the DRV11-B output data buffer register. These bits can be 
read by the user’s device at the low-to-high transition of BUSY. 

At the end of the first transfer, the DRV11-B WCR and BAR are incre¬ 
mented, BUSY goes high and READY remains low. The user’s device 
can initiate another DATI or DATIO cycle by again setting CYCLE 
REQUEST. DMA transfers to the user’s device can continue until the 
WCR increments to zero and causes an interrupt request to be 
generated. 

DMA Transfers 

The DRVtl-B interface is designed for DMA transfers which the user 
can accomplish in several ways. DMA transfers are always set up by 
the processor when it loads the BAR and WCR and sets the READY bit. 
The user then has the option of initiating transfers either by program 
control (setting the GO bit in the CSR) or by the user device asserting 
CYCLE REQUEST for 1 ^is minimum. 
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?at! ~ 0P**0" Of selecting 

DATI, DATO, DATOB, or DATIO bus cycles by asserting CO and C1 per 
Table 6. Note that if byte transfers are being performed, the byte 
address bit (AOO) must be manipulated by the user. (Refer to the 
section entitled “Word or Byte Transfers.’’) 

Burst Mode vs. Single Cycle DMA - Single cycle DMA allows the 
asynchronous transfer of data to or from the user’s device. Each time 
the user s device is ready for a transfer, the user asserts CYCLE RE¬ 
QUEST for 1 ns. A DMA cycle is requested from the LSI-11 bus and 
when the bus is granted to the DRV11-B, the BUSY line is asserted to 
inform the user that a data transfer is underway. The user must set up 
input data when CYCLE REQUEST is asserted, and hold it valid until 
the next assertion of CYCLE REQUEST. The user must strobe output 
data out of the DRV11-B on the rising edge of BUSY. The data will be 
valid 250 ns minimum before the rising edge of BUSY. (Figures 12 and 
13 are detailed timing diagrams.) 


Burst mode DMA aliows synchronous transfer of data between a 
user’s device and the DRV11-B. Once a DMA sequence is started 
(either by the user or by the processor), data will be transferred at a 
synchronous rate of 500K words per second. One data word will be 
transferred every 2 /ts. The user must strobe data out of the DRV11-B 
into the user’s device on the rising edge of BUSY. The data to be 
transferred to the DRV11-B must be set up when the READY line goes 
ow (for the first data transfer) or on the rising edge of BUSY (for 
subsequent data transfers). (Figures 14 and 15 are detailed timing 
diagrams.) ^ 


Word or Byte Transfers - The DRV11-B can transfer words or bytes 
to memory. Transfers from memory are always on a word basis; if oniy 
one byte is required, the unused bytes are disregarded. To transfer 
data on a byte basis to memory, the foilowing operations must be 
performed: 


1. AOO must be manipulated by the user to address the proper byte 

m memory. ^ 

2. The byte to be transferred to memory must be input in its proper 

position in the input word, i.e., if AOO is 1, the byte to be input must 
be on the input lines IN 8 H through IN 15 H (high byte being 
transferred). ^ 

3. WC iNC EN H and BA INC EN H must be asserted during the write 
cycle of the first byte of each word to inhibit the BAR and WCR 
from incrementing. 
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load wck 


V 


load bar 


V 


INT ENABLE 


/ 


•CO, Cl 
(DETERMINE 
CYCLE TYPE) 


xzzx 


X 


)C 


•WC)NC ENABLE 
BA INC ENABLE 


A_ f 



•INPUT LINE FROM 
USERS DEVICE 
••OUTPUT LINE 
TO USERS 
DEVICE 


Figure 4 DRV11 -B Timing: Singie Cycle, Asynchronous, User 

Initiated 
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LOAD WCR 


V 


LOAD BAR 


V 


INT ENABLE 


/ 


•CO. Cl 

(DETERMINES 
CYCLE TYPE) 





3CZDC 


•wc INC ENABLE 
BA INC ENABLE 


\ 


I 



'•OUTPUT LINE 
TO USERS 
DEVICE 


Figures DRV11-B Timing: Single Cycle, Asynchronous, Program- 

Initiated 
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load wcr 


V 


load bar 


V 


int enable 


I 


•CO, Cl 

(DETERMINES 
CYCLE TYPE) 



)CII3( 




•WC INC ENABLE 
BA INC ENABLE 


\ 


/ 



•INPUT LINE FROM 
USERS DEVICE 
• OUTPUT LINE 
TO USERS 
DEVICE 

• - INPUT DATA 
must be STABLE 


THIS PULSE WIDTH PE RIOD IS EQUAL TO 
THE TIME between CONSECUTIVE ASSEH 
TIONSOF BSYNCONTHE LSI II BUS 
WHILE THIS IS DEPENDENT ON MEMORY 
reply TIMES. THE NOMINAL VALUE IS 


NOTE 2 

THE WIDTHOF THISPULSE IS DET«RMINED 
BY THE WIDTH OF BHPLY ON THE LSI 11 

BUS WHILE THIS IS DEPENDENT ON THE 

memory reply time, it is NOMINALLY 
200 NS 


2j.S 


Figures DRV11-B Timing: Burst Mode, User-initiated 
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0RV11-B 


V 


•CO, Cl y 

(DETERMINES ' 
CYCLE TYPE) 


3(ZZX 

V 


XZIX 
J - 


.. / - ' 


CAUSED BY / 

' I 

I 




•DATA FROM USER 7^ 
DEVICE TO DRV! 18 // 
(IF DATO(B)) 


(IF DATI OR DATIO) 


I USE TO h-SEE NOTE 1-ajj --------- x x x x 

I I ISONSMAX-fj I-- j I I j f I 



•INPUT LINE FROM 
USER DEVICE 
••OUTPUT LINE 
TO USERS 
DEVICE 


WORD TRANSFERS 


NOTE 1 

THIS PULSE WIDTH PERIOD IS EQUAL TO 
THE TIME BETWEEN CONSECUTIVE ASSER 
TIONS OF BSYNC ON THE LSI 11 BUS. 
WHILE THIS IS DEPENDENT ON MEMORY 
REPLY TIMES, THE NOMINAL VALUE IS 
2mS. 


BYTE TRANSFERS 


NOTE 2 

'S DETERMINED 

BY THE WIDTH OF BRPLY ON THE LSI 11 

BUS. WHILE THIS IS DEPENDENT ON THE 
^cw'ns”^ "eply time, it is nominally 


Figure 7 DRV11-B Timing: Burst Mode. Program Initiated 
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Miscellaneous Signals — Four sets of signals exist to perform hand¬ 
shaking and status exchange between the processor and the users 

device. They are: 

STATUS A, B. C-These three TTL lines are used to input status to the 
DRV11 -B from the user’s device. 

FUNCT 1. 2, 3-These three TTL lines are used to output status from 

the DRVl’l-B to the user’s device. 

INIT INIT \/2—INIT is asserted when the LSI-11 bus 

asserted. INIT V2 is asserted either when the LSI-11 bus INIT is assert- 

ed or when FUNCT 2 is a 1. 

/\ 77 /\/_ATTN terminates a DMA transfer. This sets the READY bit and 
causes an interrupt (if the interrupt enable bit has been set). 


292 













drvii-b 


CONFIGURATION 

Genera! 

''^Sisters (Table 1): word count register 
( ), bus address register (BAR), control/status register (CSR) 

data buffer registeV 

(ODBR). The module also includes bus transceivers and logic for in¬ 
terrupt requests, address control and protocol, and DMA requests. 

Table 1 Standard Addresses 


Description 

Mnemonic 

Read/ 

Write 

Address 

Register 

Word Count 

Bus Address 
Controi/Status 

Input Data Buffer 

Output Data Buffer 

Interrupt 

Interrupt Vector 

WCR 

BAR 

CSR 

IDBR 

ODBR 

R/W 

R/W 

R/W 

R 

W 

172410 

172412 

172414 

172416 

172416 

124 


The DRV11-B contains two switch packs, one to assign an appropriate 
d^ce address to ttre DMA Interface and one to «lact a? iZrw 

selected by the position of the switches in switch pack S2 and S1 

3e r Tn.’'f r'r"°" •”* i" 

Figure 1. The switches are set to the OFF position (open) to seiect a 
zero bit and the ON position (closed) to select a one.' ^ ^ ® 


Device Address Format 

listed'?^'^^’*^ addresses, one for each of the registers 

Register Octal Address 


WCR 

BAR 

CSR 

DBR 


1XXXX0 

1XXXX2 

1XXXX4 

1XXXX6 
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Figures DRV11-B Connector and Switch Locations 


Normally, the addresses assigned to the DMA start at 7724108 and 
progress upward. Switches S2-1 through S2-10 select the base ad¬ 
dress as indicated by the X portion of the octal code; the individual 
registers are decoded by the DMA interface. The relationship between 
the address format and the switches is shown in Figure 2. 


ic; la 

13 

12 

11 

10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

1 

1 

1 

1 

0 

1 

0 

1 

0 

0 1 

0 j 

0 j 

1 1 

X 

X 

X 




T 

ON 

1 

OFF 

1 

T 

ON 

T 

OFF 

1 

ON 

1 

1 

OFF 

1 

1 

OFF 

1 

OFF 

1 

1 

OFF 

1 

T 

ON 

1 





SWITCH ^ 1 

1 

2 

3 

1 

4 

1 

5 

1 

6 

1 

7 

1 

8 

1 

9 

1 

10 ^ 





OPEN = ZERO = OFF 
CLOSED = ONE = ON 


Figure 9 Device Address Switch S2 Selection 


Interrupt Vector Selection 

The interrupt vectors for the LSI-11 systems are allocated from 0-7748. 
The recommended vector assigned to the DRVII-B is 1248. Switches 
SI-1 through SI-8 are used to select the vector. The relationship 
between the switches and the vector format is shown in Figure 3. 
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M 

0 

0 

O' 

0 

0 

ua 

0 

UB 

0 

07 

0 

06 

1 

05 

0 

04 

1 

03 

0 

02 

1 

01 

00 

u 


OFF OFF OFF ON OFF ON OFF ON 


OPEN = ZERO = OFF 
CLOSED = ONE = ON 


Figure 10 Interrupt Vector Switch SI Selection 

Registers 

i?b 5 addressed by the processor. The 

IDBR and ODBR are assigned the same address and are read-onlv 
and write-only, respectively. read-only 

Word Count Register (WCR) - The WCR (Figure 4) is a 16-bit 

p!eme'nt*of the"*^^ program with the 2’s com¬ 

plement of the number of words or bytes to be transferred at one time 

between memory and the I/O device. At the end of each transfer the 

the DMA generates an interrupt request. The contents of the WCR can 
be monitored by the processor program. 


ADDRESS 

XXXXXO 


16 BIT COUNTER 


Figure 11 Word Count Register 

Bus Address Register (BAR) - The BAR (Figure 5) is a 16-bit 

the^ori*® generate the bus address which specifies 

the location to or from which data is to be transferred. The register is 

l'inpr®7h across 32K boundary 

address bits in the control/status register. Bus 
address bit 0 is driven by the user device. 

S mo nMlT monitor the status 

transfers. The information in the CSR can be modified or 
read by the processor program in either 8-bit bytes or 16-bit words. 
Table 2 lists and defines each of the 16 bits. 
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12 

11 

9 

8 6 5 3— 

n- h 

address 

XXXXX2 



1-J-- 

1 . . 



0-ls 


0-7, 

0-7, 


07, 

0-7, 

MB 1301 




Figure 12 

Bus Address Register 





n 19 

11 10 

9 

R 7 6 5 4 3 

2 1 0 

ADDRESS 

XXXXX4 

^- 

. * — <-1-'-' 


Figure 13 Control/Status Register 


Table 2 DRV11-B Control/Status Register Bit Description 


Bit; 15 Name; Error 

Description; (Read-only) 

Indicates a special condition 
NEX(bit14) 

ATTN (bit 13) 

Sets READY (bit 7) and causes interrupt if iE (bit 6) is set. 

Cleared by removing the special condition. 

NEX is cleared by writing to zero. 

ATTN is cieared by the user device. 


Bit; 14 Name; NEX 

Description; (Read/Write zero) a d hih 

NonexiLnt memory indicates that as bus master, the DRV11-B did 
not recieve BRPLY or that a DATIO cycie was not compieted. 


Sets error (bit 15). 

Cleared by INIT or by writing to zero. 

Bit: 13 Name: ATTN 

Description: (Read-only) 

Indicates the state of the ATTN user signal. 


Sets error (bit 15). 

Bit: 12 Name: MAINT 

Description: (Read/Write) 

Maintenance bit used with diagnostic program. 
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Bit: 11 Name: STATA 

Description: (Read-only) 

Device status bit that indicates the state of the DSTAT A B and c 
user signals. ’ ’ 


Set and cleared by user control only. 


Bit: 10 Name: STATE 
Description: (Read-only) 

Device status bit that indicates the state of the DSTAT A, B, and C user 
signals. 


Set and cleared by user control only. 


Bit: 9 Name: STAT C 

Description: (Read-only) 

Device status bit that indicates the state of the DSTAT A, B, and C user 


Set and cleared by user control only. 

Bit: 8 Name: CYCL 

Description: (Read/Write) 

Cycle is used to prime a DMA bus cycle. 

Bit: 7 Name: READY 

Description: (Read-only) 

Indicates that the DRV11-B is able to accept a new command 
quests an interrupt if IE (bit 6) is set. 


Re¬ 


set by INIT. 


Bit: 6 Name: IE 

Description: (Read/Write) 

Enables interrupts to occur when READY (bit 7) Is set. 

Cleared by INIT. 

Bit: 5 Name: XAD 17 

Description: (Read/Write) 

Extended access bit 17; cleared by INIT. 

Bit: 4 Name: XAD 16 

Description: (Read/Write) 

Extended address bit 16; cleared by INIT. 

Bit: 3 Name: FNCT 3 

Description: (Read/Write) 

One of three bits made available to the user device. User defined 
Cleared by INIT. 
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Bit: 2 Name: FNCT 2 

Description: (Read/Write) 

One of three bits made available to the user device. User defined. 

Cleared by INIT. 

Bit: 1 Name: FNCT 1 

Description: (Read/Write) j j 

One of three bits made available to the user device. User defined. 

Cleared by INIT. 

Bit: 0 Name: GO 

Description: (Write-only) . j. .. „ 

Causes “NOT READY" to be sent to the user device indicating a com¬ 
mand has been issued. Clears READY (bit 7). Enables DMA transfers. 


input Data Buffer Register (iDBR) - The IDBR (Figure 7) is used for 
read-only operations. Data is loaded into the register by user s 
device. The data may be read from the IDBR as a 16-b.t word an 8-bi 
high byte or an 8-bit lovi/ byte. Transfers are usually via DATO or 
DATOB DMA bus cycles. The register input connects to J2 mounted 

on the module. 




8 

7 

0 

-1 

ADDRESS 

XXXXX6 

8 BIT HIGH BYTE 

8 BIT LOW BYTE 

J-'- 

, 1 



16 BIT DEVICE INPUT DATA WORD 



MR 1304 


Figure 14 input Data Buffer Register 


Output Data Buffer Register (ODBR) - The ODBR (Figure 8) is used 
during write-only operations. Data from the LSI-11 bus is loaded into 
the register under program control and read from the register by the 
user’s device. The register can be loaded with a 16-bit data word or 
with an 8-bit high byte or an 8-bit low byte. Transfers are usually via 
DAT! or DATIO DMA bus cycles. The output of the register connects to 

J1 on the module. 


ADDRESS 

XXXXX6 


8 BIT HIGH BYTE 


8 BIT LOW BYTE 


□ 


16 BIT DATA WORD 


Figure 15 Output Data Buffer 
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PROGRAMMING 

General 

^ a master device. 

becoming bus master, all data transfers out (DATO) or data 
raram^^br"'^ T OnL^he DR^Tb 

res%c “o ,he DmilT'" ^ '" 

of the number of words to be trans- 
ferred loading the BAR with the first address to or from which data is 

^^^ter theS::;f ’ functlontts 

DMA logic ‘"'t'aKzed, data transfers ae under control of the 

Program Control Transfers 

performed under program control by address¬ 
ing the IDBR or ODBR and reading or writing data. 

DMA Control Transfers 

DMA input (DATI) or output (DATO) data transfers occur when the 
processor clears READY. For a DATO cycle (DRV11-B to memorv 
transfer), the user s I/O device presets the control bits iworTcS 

ISc ENbT JTrn Ihorement enable (BA 

), C1, CO, AOO, and ATTN], and asserts CYCLE REQUEST to 

gam use of the LSI-11 bus. When CYCLE REQUEST is asserted inout 

DRV 1 'b ?ren h a., ^ Cycle-memory to 

V11-B transfer—IS handled in a similar manner exceot that thp 

output data is latched into the output DBR at the end of the bus cycl^ 
When the DRV11-B becomes bus master, a DATO or DATI cycle is 

b2sy nn7! r K ^AR are incremented and 

® "^"® remains low. A second DATO or DATI 

EQUEST. DMA transfers will continue until the WCR increments to 
zero, at which time READY goes high and the DRViXb generates an 
interrupt (if interrupt enable is set) to the processor. 

^YCLE low), only one CYCLE 

her Of Sta “oT''*" 

Device Cables and Signals 

Data, status, and control signals are transferred between the user’s 
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I/O device and DMA by an input and an output cable assembly. The 
input cable attaches to connector J2 and the output cable attaches to 
connector J1. Tables 3 and 4 list the connector pin and designations 
for each signal. Table 5 lists several recommended cable assemblies 
that are available from DIGITAL in the lengths indicated. The H856 
female connector mates with either J1 or J2on the DRV11-B. To order 
cable assemblies in lengths not listed, contact a DIGITAL sales office. 
Cables up to 15.2 m (50 ft) maximum may be used. 

Table 3 DRV11 -B Input Connector Signals 


J2* 

Connector Pin 

Signal Name 

Unit Loads 

B 

BUSYH 

10 (drive) 

D 

ATTNH 

1 

F 

AOOH 

1 

J 

BA INC ENBH 

1 


FNCT 3 H 

10 (drive) 

N 

R 

COM 

FNCT 2 H 

1 

10 (drive) 

1 

10 (drive) 

T 

V 

C1 H 

FNCT1H 

DD 

08INH 


FF 

09INH 


JJ 

10INH 


LL 

11 INH 


NN 

12INH 


RR 

13INH 


TT 

14 INH 


VV 

15INH 


CC 

07 INH 


EE 

06 INH 

1 

HH 

05 INH 

KK 

04 INH 


MM 

03 INH 


PP 

02 INH 


SS 

01 IN H 


UU 

00 INH 



* All remaining pins connect in common to logic ground by board etch. 
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Table 4 DRV11 -B Output Connector Signals 


jr 

Connector Pin Signal Name 


B 

CYCLE REQUESTH 

D 

INITV2H 

F 

READY H 

J 

WCINC ENBH 

K 

SINGLE CYCLER 

L 

STATUS A 

N 

INITH 

R 

STATUS B 



v; 

STATUS C 

DD 

08 OUT H 

FF 

09 OUT H 

JJ 

10 OUTH 

LL 

11 OUTH 

NN 

12 OUTH 

RR 

13 OUTH 

TT 

14 OUTH 

VV 

15 OUTH 

CC 

07 OUT H 

EE 

06 OUT H 

HH 

05 OUT H 

KK 

04 OUT H 

MM 

03 OUT H 

PP 

02 OUT H 

SS 

01 OUT H 

UU 

00 OUT H 


Unit Loads 


1 

10 (drive) 
10 (drive) 
1 
1 
1 

10 (drive) 
1 

1 


10 (drive) 


* All remaining pins connect in common to the iogic ground by board etch. 
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Table 5 Recommended Cable Assemblies 


Cable No. Connectors Type Standard Lengths (ft) 


BC07D-XX H856 to open end 2,20 conductor 

10,15,15 

ribbon 

BC08R-XX H856 to H856 Shielded flat 1 ,6, 10 ,12, 20, 25,50 
BC04Z-XX H856toopenend Shielded flat 

6,10,15, 25, 50 


Table 6 DRV11-B Interface Connector Signals 


Mnemonic 

00 OUT —15 OUT 

Description 

16 TTL data output lines from the DRVI1-B. 
One = high 

OOIN —15IN 

16 TTL data input lines from the user’s de¬ 
vice. One = high 

STATUS A, B, C 

Three TTL status input lines from the user’s 
device. The function of these lines is de¬ 
fined by the user. 

FUNCT1,2, 3 

Three TTL output lines to the user’s device. 
The function of these lines is defined by the 
user. 

INIT 

One TTL output line; used to initialized the 
user’s device. 

INITV2 

One TTL output line; present when INIT is 
asserted or when FUNCT 2 is written to a 
one. Used for interprocessor buffer applica¬ 
tions. 

AOO 

One TTL input line from the user’s device. 
This line is normally high for word transfers, 
During byte transfers this line controls ad¬ 
dress bit 00. 
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CSRA 

Location = device address 
15 14 



0 


“I 


^-1- 

i I 

-1-1- 

1 1 

1 1 

1 1 

I 




/ I 


V_ 


USER 

READY 

A 

(READ 

NOT USED 
read as zeros 

INTERRUPT 

ENABLE 

(READ/ 

WRITE) 

INTERRUPT CONTROL 
STATUS/COMMAND - 8 LINES 
(READ/WRITE) 

• Not reset by binit 


DIRECTION 

PORTA 

(READ/WRITE) 


CSRB 

Location = device address -*■ 
15 14 


• Reset 

• Manipulate internal registers 

- Interrupt Request Register 

- Interrupt Mask Register 

- Interrupt Service Register 

- Mode Register 

- Read Status Register 

• Preselect internal memory for 
reading/writing through CSRB 

- Vector Address Memory 

- Interrupt Request Register 

- Interrupt Mask Register 

- Interrupt Service Register 

- Auto Clear Register 


USER^ 

READY 


(READ 

ONLY) 


NOT USED 

read as zeros 


DIRECTION 

PORTB 

(READ/WRITE) 


CSRC 

Location = device address 
15 14 


INTERRUPT CONTROL DATA 
(READ/WRITE) 

• As preselected in CSRA 


“I—r 


USER 

READY 

C 

(READ 

ONLY) 


NOT USED 

read as zeros 


DIRECTION- 
PORT C 
(READ/WRITE) 


INTERRUPT CONTROL 
STATUS/COMMAND - 8 lines 
(READ/WRITE) 

• Same as CSRA 


CSRD 

Location =device address 12 
15 14 13 




USER 

READY 

D 

(READ 

ONLY) 


NOT USED 

read as zeros 


DIRECTION- 
PORT D 


INTERRUPT CONTROL DATA - 8 lines 
(READ/WRITE) 


• As preselected in CSRC 


DBRA. DBRB. DBRC. DBRD 

Location = device address = + 2. +6. +10, +14 respectively 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

-- 1 - 1 -- 1 - ^^ _I __ I _ I __ I _l_J 


INPUT DATA (when READ) 
OUTPUT DATA (when WRITE) 


Figure 1 Register Format 


309 














































































DRV11-P 


DRV11-P LSM1 BUS FOUNDATION MODULE 
GENERAL 

The DRV11 -P is an LSI-11 bus-compatible foundation wire-wrap Inter¬ 
face module. Approximately one-quarter of the module Is occupied by 
bus transceivers, interrupt vector generator logic, and a 40-pin I/O 
connector. The remaining three-quarters of the module Is for user 
application and has plated-through holes to accept ICs and wire-wrap 
pins (WP) for Interconnecting the user’s circuits. The plated-through 
holes can accept 6-, 8-, 14-, 16-, 18-, 20-, 22-, 24-, and 40-pin dual-in- 
line ICs or IC sockets in various mounting areas of the module, or 
discrete components can be Inserted into the plated-though holes. 
The DRV11-P can be inserted into any one of the available interface 
option locations of any LSI-11 bus. 

FEATURES 

• An easy-to-use foundation module for custom interface applica¬ 
tions. 

• Factory-installed LSI-11 bus-compatible interface circuits. 

• Device and interrupt vector that can be configured by the user. 

• Compact— occupies only two device locations on the bus. 

• Can accommodate up to 50 Integrated circuits making up the user’s 
device logic. 

• Wire-wrap pins are provided for all signals. 

• All user control signal lines are TTL-compatible. 

SPECIFICATIONS 

identification 

Size 

Power 

Bus Loads 
AC 
DC 

DESCRIPTION 
General 

The DRV11-P contains 16 bus transceivers, device selection and inter¬ 
rupt vector generation logic, interrupt control, and control and status 
register functions. The device data inputs and outputs of the bus 


M7948 

Quad 

5.0 Vdc±5%at1.0A 
2.1 

1 (plus user’s logic) 
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transceivers and the device control signals are made available to the 
user to complement control of up to four 16-bit registers. 

Address Selection Logic 

The address selection logic consists of a device address comparator 
and the protocol control logic. Up to four discrete addresses are made 
available with the existing logic on the DRV11-P and can be assigned 
to data registers, status and control registers, or word counters. Bv 
adding additional ICs, the user can increase the total number of ad¬ 
dresses available. The main address of the DRV11-P is selected by 
moni^toring the BBS? bus line and decoding address information D03- 
□12 from the bus. The main device address is assigned by the confio- 
uration of jumper leads (A03-A08) attached to wire-wrap pins. When 
the selected and input bus addresses are the same, the device ad¬ 
dress comparator provides an ENB H level to the protocol control 
control logic receives bus signals and address bits 
□01 and D02 to assert one of the four available output lines: SEL DEV 
OL SEL DEV 2L, SEL DEV 4L, and SEL DEV6L. In addition, the proto¬ 
col control logic provides output signals to specify word or byte 
transfers. ^ 

Table 1 lists and defines the function of the control signals required or 
available for the user logic. 


Table 1 

DRV11-P Protocol Control Logic Signals 

Signal 

Function 

SEL DEVOL 

SEL DEV 2 L 

SEL DEV4L 

SEL DEV6L 

Select device 0 through 4. One of four lines asserted 

by decoding the device address and available to se¬ 
lect one of four user word registers. 

OUT LB L 
OUTHBL 

Out iow byte, out high byte. Used to load (write) data 
into low byte (8 bits) or high byte (8 bits) or both 
bytes (16 bits) of the selected word register. 

IN WDL 

In word. Used to gate (read) data from the selected 
word register to the bus. 


The format for the device address selection Is shown In Figure 2. A 
logical 1 Is specified when no jumper lead Is Installed between the 
appropriate wire-wrap pin from A3-A12. A logical 0 Is specified when a 
jumper lead Is Installed. 
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Interrupt Control Logic 

The interrupt control provides the circuits necessary to allow/ a pro- 
oram interrupt transaction between the bus and device. Two interrupt 
channels (A and B) are available to the user, with channel A assigned 
to the highest priority. Table 2 lists and defines the user-available 
signals associated with the interrupt control logic. 


Table 2 

DRV11-P Interrupt Control Logic Signals 

Signal 

Function 

RQST A H 

Interrupt Request A. Asserted by device logic and 

sets the channel A Interrupt request flip-flop when 
the channel A Interrupt enable flip-flop is set. 

ENB DATA A 

H 

Interrupt Enable A Data. Asserted by device logic 
and sets the channel A interrupt enable flip-flop 
when the ENB CLK A signal is asserted. 

ENBCLKA 

Interrupt Enable A Clock. Asserted by device logic to 
cause the channel A interrupt enable flip-flop to be 
set when ENB DATA A signal is asserted. 

ENBA STH 

Interrupt Enable A Status. Indicates the status of the 
channel A interrupt enable flip-flop. 

RQST B H 

Interrupt Request B. Same as RQST A H signal ex¬ 
cept controls channel B interrupts. 

ENB DATA B 

H 

Interrupt Enable B Data. Same as ENB DATA A H 
signal except controls channel B interrupts. 

ENBCLKB 

Interrupt Enable B Clock. Same as ENB CLK A signal 
except controls channel B interrupts. 

ENB B ST H 

Interrupt Enable B Status. Same as ENB A ST H 
except controls channel B interrupts. 

VECTOR H 

Interrupt Vector Gate. Used by device logic to gate 
vector address onto the bus and to generate BRPLY 


signal. 

VEC RQST H 

Vector Request. Asserted by device logic to specify 
that channel A vector address is required: negated 
to specify channel B vector address is required. 

INITOL 

Initialize Out. Buffered BINIT L signal from bus used 


for general Initialization. 
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Device Address Comparator 

nno comparator (Figure 1. sheet 1) receives address 

bits D03 H-D12 H from the bus transceivers and compares these bits 
assignment bits (A03-A12) wired by the user on 
e DRVI1-P module. If the two addresses compare, an ENB H signal 
IS applied to the protocol logic. The device address comparator logic 
IS designed around two type 8136 ICs. The user’s device address is 
selected by means of wire-wrap pins. Wire-wrapping a device address 
pm to a ground pin makes that device address bit a zero. Device 
address bits which are to be ones are left unwrapped. These bits will 
be pulled up to +5V (one state) via resistors on the module. 
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Figure 1 DRV11 -P Block Diagram (Sheet 1 of 2) 
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Figure 1 DRV11-P Block Diagram (Sheet 2 of 2) 
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Refen1ng*to*Figure 1. sheet 1, data output lines DOO through D15 
reflect the state of the bus DBAL lines and will contain address and 
dalrlnformation for any bus transfer, regardless of the device in 
volved Output data are usually clocked into a register for use by the 
interface or a peripheral since the length of time f J 
available on the bus during the bus cycle is s'"® f 

address comparator and the protocol logic determine if the data cur¬ 
rently on the D00-D15 lines are intended for the DRV11 -P. 

input data present at the 1N00-IN15 lines will be applied to the bus 
when the TRANS ENB A, B. C. and D lines are asserted low. These 
lines are asserted by the protocol logic to gate data onto the bus at the 
proper time during a bus cycle when the data are addressed by he 
orocessor. The SEL DEV and IN WD lines wouid be driven by the 
protocol logic to select a user’s register. The bus transceivers consist 
of four type 8641 ICs. 

The*protoco?'iogic (Figure 1, sheet 1) functions as a register selector 
providing the signals necessary to control data flow into and out of up 
to four user registers (eight bytes). Designed around a spec al 
DIGITAL IC (DC004), the protocol logic operates as follows, when the 
proper device address has been decoded by the device com¬ 

parator ENB H goes high, and is applied to a latch in the protoco 
ro 9 rAddr.ss bL D01 H and D02 H a,a decod^ ^ 'd 

logic, producing one of the SEL DEV outputs. 

BWTBT are decoded for output word/byte selection (OUT HB L OUT 
LB L) The device select lines (SEL DEV OL, 2L, 4L, 6L) and word/byte 
select lines (IN WD L, OUT HB L, OUT LB L) are for user application 
and are available at wire-wrap pins (WP). Tabie 3 lists and defines the 
wire-wrap pins associated with the protocol logic. Generally, each 
DEV SEL output is used to select one of four user s registers, an e 
word/byte lines are used to determine the type of transfer (word or 
byte) to or from these registers. The active state of the users lines 
from the protocol logic is a low assertion and the lines are TTL-com- 
patible. The DEV SEL lines can sink up to 20 mA. Split lugs are provid¬ 
ed on the DRV11-P to accommodate C37. This oapaoitor may be in- 
staiied by the user to vary the deiay between BDIN L, BDOUT L, and 
VECTOR H inputs and the BRPLY output. 

The BRPLY L signal is normaily issued within 85 ns (max.) of receiving 
either BDIN L or BDOUT L, depending on the bus cycle. If the user s 
interface requires more time before ending the bus cycle, the BRPLY L 


316 












Table 6 

Mnemonic 

BUSY 

READY 

C0,C1 

SINGLE CYCLE 

WCINCENB 

BA INC ENB 


DRV11-B 

DRV11-B Interface Connector Signals 
Description 

One TTL output line to the user’s device. 
BUSY Is low when the DRV11-B DMA 
control logic Is requesting control of the 
LSI-11 bus or when a DMA cycle Is in prog¬ 
ress. A low-to-high transition Indicates end 
of cycle. 

One TTL output line to the user’s device. 
When the READY line goes low, DMA trans¬ 
fers may be Initiated by the user’s device. 

Two TTL input lines from the user’s device. 
These lines control the LSI-11 bus cycle for 
DMA transfers. CO, Cl codes for the four (4) 
possible bus cycles as listed below: 

Bus Cycle CO Cl 

DATI 0 0 

DATIO 1 0 

DATO 0 1 

DATOB 1 1 

One TTL Input line from the user’s device. 
This line is Internally pulled high for normal 
DMA transfers. For burst mode operation, 
SINGLE CYCLE Is driven low by the user’s 
device. 

CAUTION: When SINGLE CYCLE is driven 
low, total system operation is affected be¬ 
cause the LSI-11 bus becomes dedicated to 
the DMA device and other devices cannot 
use the bus. 

One TTL Input line from the user’s device. 
This line Is normally high to enable incre¬ 
menting the DRV11-B word counter. Low 
Inhibits incrementing. 

One TTL input line from the user’s device. 
This line Is normally high to enable Incre¬ 
menting the bus address counter. Low inhi¬ 
bits incrementing. 
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Table 6 DRV11 -B Interface Connector Signals (Cont) 


Mnemonic 

CYCLE REQUEST 


Description 


One TTL input line from the user’s device. A 
low-to-high transition of this line initiates a 
DMA request. 


ATTN 


One TTL input line from the user’s device. 
This line is driven high to terminate DMA 
transfers, to set READY, and to request an 
interrupt if the interrupt enable bit is set. 


As bus master, the DRV11-B performs a DATO or DATOB bus cycle by 
placing the memory address on BDAL lines, asserting BWTBT, and 
then asserting BSYNC. The memory decodes the address, then the 
DRV11-B removes the address from the BDAL lines, negates BWTBT 
(BWTBT will remain active for a DATOB), places the user’s input data 
on the BDAL lines and asserts BDOUT. Memory receives the data and 
asserts BRPLY. in response to BRPLY, the DRV11-B negates BDOUT 
and then removes the user’s input data from the BDAL lines. Memory 
now negates BRPLY, the bus cycle is terminated, and the bus released 
when the DRV11 -B negates BSACK and BSYNC. 

At the end of the first transfer, the DRV11-B WCR and BAR are incre¬ 
mented, BUSY goes high, and READY remains low. With BUSY high 
and READY low, the user’s I/O device can initiate another DATO or 
DATOB cycle by again asserting CYCLE REQUEST.if the interrupt 
enable is set, DMA transfers can continue until the WCR increments to 
zero and generates an interrupt request.When the WCR increments to 
zero, READY goes high, and the DRV11-B generates an interrupt re¬ 
quest (if the interrupt circuits are enabled). The processor responds to 
the interrupt request (BIRO) by asserting BDIN followed by BIAKI 
(interrupt acknowledge). BIAKI is received by the DRV11-B and in 
response places a vector address on the BDAL lines, asserts BRPLY, 
and negates BIRO. The processor receives the vector address and 
negates BDIN and BIAKI. The DRVII-B now negates BRPLY, while the 
processor exits from the main program and enters a service program 
for the DRV11 -B via the vector address. 

Interrupt requests from the DRV11-B occur for the following condi¬ 
tions: 

1. When the WCR increments to zero—this is a normal interrupt at 
the end of a designated number of transfers. 
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2. When the user s I/O device esserts ATTN—this is a special condi¬ 
tion interrupt which may be defined by the user to override the 
WCR. 

3. When a nonexistent memory iocation is addressed by the DRV11 - 
B—this speciai condition interrupt is produced when no BRPLY is 
received from the memory. 


System Memory to User’s Device Transfers (DATIO or DATI) 

DMA transfers from the memory to the user's I/O device occur in a 
manner simiiar to that described for user’s I/O device to memory 
transfers. Figure 11 iilustrates the data fiow for a DMA DATIO or DATI 
cycle. Under program control, the DRV11-B WCR (Figure 9) is loaded 
with a count equal to the number of transfers, while the BAR is loaded 
with the starting address from which the first word will come; the CSR 
is set for transfers. 

With the CSR set, READY goes low and the user’s I/O device condi¬ 
tions the CO, C1 lines (Table 6) for a DATI or a DATIO, conditions the 
WC iNC ENB, BA INC ENB, ATTN, SINGLE CYCLE (high for normai 
DMA transfers) signals, and asserts CYCLE REQUEST. 
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HIGH DENSITY PARALLEL INTERFACE 
GENERAL 

Sixty-four input/output data lines are now available on a double¬ 
height module for the LSI-11/2, LSI-11/23, PDP-11/03, and PDP- 
11/23. The DRV11-J also includes an advanced interrupt structure 
with bit interruptability up to 16 lines, programmable interrupt vectors, 
and program selection of fixed or rotating interrupt priority within the 
DRV11-J. 

The DRVII-J’s bit interrupts for real-time response make it especiaily 
useful for sensor I/O applications. It can also be used as a general- 
purpose interface to custom devices, and two DRVII-Js can be con¬ 
nected back-to-back as a link between two LSI-11 buses. 

FEATURES 

• 64 tri-state bidirectional input/output lines organized as four 16-bit 
ports, A through D. 

• Data line direction seiectable under program control for each 16-bit 
port. 

• Transitions on each of the 16 lines of Port A can generate unique 
interrupt vectors (bit interrupts). This means high-priority inputs get 
serviced by the CPU much faster. 

• Transitions on the USER RPLY lines of each port can generate 
unique interrupt vectors (I/O interrupts). This means less processor 
overhead. By selecting this feature, bit interrupts are reduced to 12. 

• Double-height module: 22.8cm X 13.2cm (8.9 in. X 5.2 in.) 

• Drive up to 25 feet of shielded cable, 6 feet of unshielded flat or 
round cable. 

• Four external control lines per port: USER RDY, USER RPLY, 
DRV11-J RDY, and DRV11-J RPLY. 

• Interrupt vectors (fixed or rotating priority) are set under program 
control. This eliminates the need for jumper-defined vectors. 

• Latched outputs, PNP-Schmitt-trigger inputs. 

SPECIFICATIONS 

Identification M8049 

Power 

+5\/±5% 1.6A typical, 1.8A maximum 

Bus Loading: 

2 ac loads, 1 dc load 
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Data Buffer Tri-State Outputs: 

V OL = 0.5V @ I OL = 8 mA 

V OL = 0.4V @ I OL = 4 mA 

^ OH “ 2.4V @ I = -2.6 mA 

Data Buffer Inputs: 

l|L= -0.2mA@V,L = 0.4V 
I|H = 20 mA@V,h = 2.7V 

Protocol Signal Tri-State Outputs: 

V OL = 0.55V @ I OL = 04 mA 
^ OH = 2.4V @ I Qj_, = -15 mA 

Protocol Signal Inputs: 

Termination: 120 ohms 
l|L=-2.7mA@V,L = .5V 
I|H = 80 /uA@V|h = 2.7V 

Environmental: 

Storage temperature: ~40°C to +60°C 
Operating temperature: +5°C to -f-60°C 

Adequate airflow must limit the inlet to outlet temperature rise to 10°C 
(5°C If inlet air is 55°C). 

NOTE 

Derate maximum operating temperature by 1.8°C 
for each 1000 meters of altitude above sea level. 

Humidity: 10% to 90%, non-condensing 

Size 

Double-height module: 

13.2cm (5.2ln.) wide 
22.8cm (8.9ln.) long 

Cabling: 

BC05W-XX Shielded cable with 50-pln connectors at both ends. 
Available in 3.0 and 7.5 meter (10 and 25 foot) lengths. 

DESCRIPTION 

Detailed information about the DRV11-J Is supplied with the module. 
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PROGRAMMING 

The DRV11-J is programmed through eight contiguous directly ad¬ 
dressable registers, which may be positioned to start from TBOOOOs 
through 777760 8 in address space by stake pin jumpers. There are 
four Control Status Registers and four Data Buffers. 


The Registers are: 

Control Status Register A 
Data Buffer Register A 
Control Status Register B 
Data Buffer Register B 
Control Status Register C 
Data Buffer Register C 
Control Status Register D 
Data Buffer Register D 


(CSRA) 7XXXX08 
(DBRA) 7XXXX28 
(CSRB) 7XXXX48 
(DBRB) 7XXXX68 
(CSRC) 7XXX108 
(DBRC) 7XXX128 
(CSRD) 7XXX148 
(DBRD) 7XXX168 


XXXX is jumper-selectable between BOOOs to 77768 in a modulus of 
16 and factory-set to 64168 (CSRA = 7641608). 


The format of these registers is shown in Figure 1. 

Unlike other LSI-11 interface modules, the DRV11-J uses two sets of 
eight internal registers to control interrupts. The first set of registers is 
controlled through CSRA and CSRB and is responsible for interrupts 
generated in bits 0-7 of Port A. The second set of registers is con¬ 
trolled through CSRC and CSRD and is responsible for either bits 8-15 
of Port A or, when I/O interrupts are selected, the four USER RPLY 
lines and bits 8-11 of Port A (see Figure 1). 


IRR 

Interrupt Request Register 

ISR 

Interrupt Service Register 

IMR 

Interrupt Mask Register 

ACR 

Auto Clear Register 


Status Register 

_ 

Mode Register 


Command Register 


Byte Count 


Vector Address Memory 


Interrupt vectors are stored in Vector Address Memory. Vector ad¬ 
dresses can be set from 0 to 17748 and must be loaded on power-up. 
To provide for dynamic changing of interrupt subroutines, vectors are 
programmabie. Four vectors are available for each of the sixteen in¬ 
terrupts. 
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signal can be delayed up to a maximum of 10 by adding capacitor 
C37 across the split lugs in the BRPLY delay circuit. ^ 

VECTOR‘‘H^inon^Th' ''esult of a signal on the 

interrupt seZnM " “ •™"='>’l«in9 ttre vector during eu 

Interrupt Logic 

tllln performs an interrupt transac- 

orioritS h *yP® arbitration scheme to assign 

hac h h ^ ^ senerating two interrupt requests. Channel A 

the LsfiT£?r!l!' *'’? ® ^®''*®e wants control of 

mlnir'st b^it Th- '"‘errupt logic 

?A?A I ?e «nH rh .®®®°'^P"®^’ed by asserting (logicai 1) the ENB 
DATA line and then clocking the enable flip-flop by assertinq (oositive 

uX^T^ interrupt enable flip-flop set, the 

Rf^<?T ® request by asserting (logical 1) 

set thP^nT" end if the interrupt enable flip-flop is 

Sul,! ‘^’“e niaking a bus 

S?iM f ir ‘® ^'■®"*®^’ *'’® P''oeessor asserts (logical 0) 

BDIN L (Fi^gure 1, sheet 1), which is applied to the interrupt logic as iN 

VEr?OR i *■ ®®“®®® *^® ‘nterrupt logic to assert (logicai 1) 

VECTOR H which IS applied to the vector generator. A vector^ thus 

routi^l ?o"r ^ h '"^- *° *^® ‘‘’® service 

routine for the user s device which made the bus request. 

interrupt request channels (A and B) are 
contained within the interrupt iogic. These channeis can be used to 

Drtorft! devices. However, because channei A has a higher 

Lta channel B, fast peripheral devices which cannot recover 

data If not serviced promptly should use channel A. 

There are three status lines from the DRV11-P interrupt logic available 

?MR «®CT u ®®® ®'‘®' ® A end VEC RQST B H 

ENB B ST H and ENB A ST H indicate the status of the interrupt logic 
nterrupt enable flip-flops. Each line is asserted (iogicai 1) when the 
appropri^ate enabie flip-flop is set. The VEC RQST B iine is asserted 
(logical 1) when the user’s device connected to channel B has been 
granted use of the bus. When VEC RQST B is unasserted (logical 0) 
the users device connected to channel A of the interrupt logic has 
been granted use of the bus. These status lines can function as part of 

Irfthfnpu^^'o ' ®"? ‘’e constructed 

on the DRV11-P module. Additionally, the INIT 0 and INIT 0 H outputs 

from the interrupt logic can be used to initialize the user’s logic. 
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Interrupt Vector Generator 

The interrupt vector generator (Figure 1. sheet 2) P;°duces a vec or 
w/hich points to a location in memory containing the address of a 
service routine for the user’s device-requesting interrupt service. The 
interrupt vector is selected by the user by means of wire-vi/rap pins on 
the DRV11-P. Vector bitsV3 through V7 are hard-wired by the user for 
either logical 1s or Os. Wire-wrapping an interrupt vector pm to a 
ground pin makes that vector bit a 0. Vector bits which are to be s are 
left unwrapped. These bits will be pulled up to -t-5V ( one state) via 
resistors on the DRV11-P. When VECTOR H 

goes high (iogical 1), eight vector bits are gated onto the LSI-11 bus. It 
should be noted that the user can generally select the state of only six 
of the eight vector bits. The remaining bits, VOO and V01, are P''®sef bV 
the DRV11-P vector generator. With this 

select an interrupt vector in the normal user range of 0 to 3748. How¬ 
ever by adding one gate to the interrupt vector generator encode 
logic, the user can accommodate nine bits in the vector and thus 
extend the interrupt to 7748. 

The interrupt vector generator is primariiy designed around two type 
74157 multipiexer ICs. Each 74157 has two separate 4-bit inputs which 
are multipiexed. Thus, both 74157s can accommodate two 8-bit bytes 
one of which is used for vector generation. This leaves one spare 8-bh 
input for user application. The spare input can be used to gate onto 
the bus the lower byte of the user’s CSR on the DRV1 
the spare input can be gated to the LSI-11 bus driving both SPARE 
ENB 0 and SPARE ENB 1 inputs low (logical 0). This is best accom¬ 
plished by using one of the SEL DEV lines from the protocol logic 
(Fioure 1 sheet 1) along with the IN WD line. The actual use of the 
ipL"!nputs ^s at the user’s discretion, but SPARE ENB 0 and SPARE 
ENB 1 should not be permanently held low as this could affect t e 
interrupt vector. If not used, these inputs should be connected to the 
+3V source. 

Interrupt Vector SelGCtion 

As manufactured, the DRV11-P can generate vectors in the range 
from 0-3748. However, by adding one gate to the DRV11-P vecor 
generation logic, the user can extend the vector ^®®'’ 

seiects the interrupt vector by means of wire-wrap pins on the DRV11- 

P module. 

Fioure 4 shows the vector select format and presents the wire-wrap 
pin-to-bit reiationship for vector seiection. Bits to be decoded as zero 
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BiS Wire-wrapped to ground wire-wrap pins. 

ts to be decoded as one bits are left unwrapped, as these bits are 
pulled up to the one state. 

RiVl R WP21 (VEC 

th.Tn, ® automatically decode the least significant bit of 

the interrupt vector as a 0 or a 4. When the VECTOR H signal is issued 

VEC 'rqst° B^H bus master, the 

VEC ROST B H (WPS) signal is also issued, changing bit 2 of the 

interrupt vector, thus presenting a different vector for intirupt B. 

wMch h^irS^th ® ® ®°de indicating 

which half of the interrupt logic is bus master. When bit 2 of the inter¬ 
rupt vector is a zero, the A half is bus master; a one indicates that the B 
naiT IS mastor. 

Bus Receivers 

control lines are fully buffered on the DRV11-P 
I- for the data and address lines (BDAL) is accom- 

Rn^Nf transceivers. Bus control lines (BWTBT BDOUT 

BSYNC, BBSY, BIAKI, and BDMGI) are buffered on the DRV11-’ 

P with type 8640 bus receivers. These receivers are high-impedance 
receivers with the following input levels; mpeoance 

High = 1.7 V min. 

Low = 1.3 V max. 

Iv^®ii«N!''^f''® ^’®''® ®‘«ndard.TTL-compatible outputs which are made 
available (for most bus signals) to the user by means of wire-wrap 


+3V Source 

There are two +3V wire-wrap pins on the DRV11-P module. These 
pins provide a source of +3V for pulling up unused TTL inputs. Each 
+3V source is capable of driving up to 13 TTL unit loads. The +3V 
sourer resistor dividers placed across the +5V logic 

Wire-Wrap Pins 

^ Wire-wrap pins (not counting the 

40 pins for the I/O connector and the 70 pins for C and D module 
fingers) for user applications. The locations and functions of these 
pins are described in detail in Table 5. 
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CONFIGURATION 

?he"DRV11-P (Figure 2) is a versatile v.ire-wrap module that cont^ns 
mtiface logic for operation with the LSI-11 bus and provides ade- 
ouate board area for mounting and connecting integrated circuits 
(ICs) or discrete components. Because the bus interface logic is in- 
cSded, the module can be efficiently configured by the user to satisfy 
a variety of device interface logic applications. 

A 40-pin connector mounted at the board edge connects to a device 
through several cable assembly types available from DIGITAL. 

Except for the bus interface connections, all signals and voltages are 
terminated to wire-wrap pins for user connections. The bus contro 
looic is provided with wire-wrap test points for monitoring the internal 
siSs Zlett points are spaced a. 0.254 cm (0.1 In.) ^s 

to let 40-pin connectors, be inserted over the wire-wrap pins for auto- 
mated test functionSe 

Approximately two-thirds of the surface area on the 
of plated-through holes, each connected to a wire-wrap pm. The use 
can molt three different types of dual-in-line ICs or a var.^o^ ^.s _ 
Crete components into the holes and connect the proper voltages and 
signals by wire-wrapping leads on the board. 


ThrDRV?i*-p”ilf respond to up to four consecutive addresses in the 

bal 7 lea (addresses between 160000^ and 1777763 ) The register 

addresses are sequential by even numbers and are as follows. 

Reaister BBS7 Octal Address 

Regisier ^ 16XXX0 

I 1 16XXX2 

$ 1 16XXX4 

H lfiXXX6 


The user selects a base ending in zero 
register by means of wire-wrap pins on 
module decodes this base address and 
dresses are then properly decoded by 
received from the LSI-11 bus. 


for assignment to the first 
the DRV11-P module. The | 
the remaining register ad- | 
the DRV11-P as they are 
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Figure 2 DRV11-P Component Mounting 
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Fiqure 3 shows the address select format and presents the w're-wrap 
Din-to-bit relationship for device address selection. Bits to be decoded 
as 0 bits in the base address are wire-wrapped to ground wire-wrap 
pins (WP). Bits to be decoded as 1 bits are left unwrapped as these 
bits are pulled up to the 1 state. 



n-4153 


Figure 3 DRV11-P Device Address Select Format 


Interrupt Vector Logic - The interrupt vector logic is used in con¬ 
junction with the interrupt control logic to generate a vector on bus 
lines BDAL 00 L-BDAL 07 L. The interrupt vector is specified by the 
user and seiected by installing jumper leads between wire-wrap ^ns 
on the M7948 module. The vectors available are from 0 to 374*. me 
vector range can be increased from 0 to 774* with additional logic and 

wiring. 

When the VECTOR H signal Is asserted as a result of a device Interrupt 
request, the interrupt vector is placed on the bus lines. 

Wire-wrap pins V3 through V7 are used to assign the vector bits. A 
jumper lead installed selects a logical 0 address bit for its associated 
line and no lead selects a logical 1 address bit according to the format 
in Figure 4. 

Bit BDAL 02 L can be connected to the device interrupt request RQST 
A signal to specify a separate vector address for channel A and chan¬ 
nel B. 
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Figure 4 DRV11-P Vector Selection 

can be multiplexed through the same 

lor^^ro^h!! Status and 

BDAL 00 L transferred to bus lines 

bUAL 00 L-BDAL 07 L. The information can be gated onto the bus 

lines using a select level generated by the address decoding logic. 

Component Mounting Area 

on the M7948 

rnodule for mounting integrated circuits or discrete components as 

Mnn^r?? '’®® ® wire-wrap pins that 

connect to an associated plated-through hole located at 0.254 cm (0 1 

Inn ®P.®®'"9- A is for multi-use and is capable of accept- 

ing Cs with pm centers at 0.762 cm (0.3 in.). 1.01 cm (0.4 in ) or 1 52 

1 01 rm "ii/'®® ®'®° P*" at 0.762 cm or 

0.762 cm ®®c®P* only ICs with pin centers at 

Table 3 lists the total number of ICs with 0.762 cm spacing that can be 
mounted in the user areas A through L of the module^ 


Tables DRV11-PIC Mounting Area 

Total Number 

14-pin 
16-pin 
18-pin 
20 -pin 


60 

52 

44 

44 
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Connector Wire Wrap Pins - The 36 contact pins in rows C and D at 

the edge of the module connect to a double row of 

These two rows are made available to the user for connecting signals 

and voltages from the backplane to the user-installed 

The following pins of rows C and D are normally dedicated to +5V and 

GND. 

The user can connect the power to the IC or components using the row 
C and row D wire-wrap pins. 

+5\/ CA2, DA2 

GND CJ1,CM1,CT1 

DJ1,DM1,DT1 
CC2, DD2 

Device Signals — Input and output data and status and control sig¬ 
nals can be transferred between the device and the DRV11-P module 
using any one of several cable assemblies listed in Table 4 and 
available from DIGITAL. One end of each cable is terminated with a 
40-pin female connector which mates with the 40-pin male connector 
J1 mounted on the M7948 module. The pins of J1 connect to the user- 
installed logic through a series of wire-wrap pins. 


Table 4 Recommended Cable Assemblies 


Cable No. 

Connectors 

Type 

Length (XX) 

BC07A-XX 

BC07D-XX 

BC08R-XX 

BC04Z-XX 

H856 to open end 
H856 to open end 

H856 to H856 

H856 to open end 

20 -twisted pair 

2 , 20 -conductor 
ribbon 

Shielded flat 

Shielded flat 

10,15,25 I 

10,15,25 [ 

( 

1 ,6,10,12 
20,25,50,75, j 

100 ; 

6,10,15,25, i 

50 j 

The DRV11-P provides many wire-wrap pins for the user to select that 
will assist him in determining his configuration. These pins and their t 
functions are listed in Table 5. 
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Tables User Wire-Wrap Pins 


Wire-Wrap Pin: WP1 Mnemonic: SPARED 

Function: Spare input to the vector address multiplexer 

This input can be used to read part of a control/status register. 


Wire-Wrap Pin: 
Function: 


WP2 Mnemonic: SPARE 3 
See WP1. 


Wire-Wrap Pin: 
Function: 


Wire-Wrap Pin: 
Function: 


WP3 Mnemonic: 

Ground for vector address bit V3. See WP23. 

WP4 Mnemonic: SPARE 1 

SeeWPI. 


Wire-Wrap Pin: 
Function: 


Wire-Wrap Pin: 
Function: 


WPS Mnemonic: V2 
Vector address bit 2. 


WP6 Mnemonic: ENBCLKAH 

ENB CLK A H is the clock input to the enable A 

flip-flop of the A interrupt logic. When ENB CLK A H goes high ENB 
DATA A is clocked into the enable A flip-flop. 

Wire-Wrap Pin: WP7 Mnemonic: SPARE 2 

Function: SeeWPI. 


Wire-Wrap Pin: WPS Mnemonic: ENB B ST H 

^NB B ST H is the status output from the en¬ 
able B flip-flop of the B interrupt logic. When ENB B ST H is hioh the 
enable B flip-flop is set. ’ 


Wire-Wrap Pin: WP9 Mnemonic: lAKI L 

Function: Test point for the BIAKI bus signal. BIAKI L is 

the processor’s response to BIRQ L and is daisy-chained such that the 
hrst requesting device blocks the signal propagation. Non-requesting 
devices pass the signal on as BIAKO L. The leading edge of BIAKI L 
causes BIRQ L to be unasserted by the requesting device. 

Wire-Wrap Pin: WP10 Mnemonic: D01 L 

Function: Test point for data/address bit 1. Useful when 

testing the protocol logic. D01 is latched in the protocol logic at the 
asserted edge of BSYNC L. D01 and D02 are decoded to produce the 
SEL DEV outputs. 


Wire-Wrap Pin: WP11 Mnemonic: BWTBTL 

Rnn‘;*I?T • signal; while 

BWTBT L indicates a byte or word operation; 
BWTBT L asserted indicates byte operation; BWTBT L unasserted 
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indicates word operation. BWTBT L decoded with BDOUT L and BDAL 
0 L forms OUT LB L or OUT HB L. 

Wire-Wrap Pin: WP12 Mnemonic: Rx^x 

Function: Test point for monitoring the delay of BRPLY. 

Wire-Wrao Pin- WP13 Mnemonic: BSYNCH 

Functton-^ Test point for the BSYNC L bus signai. BSYNC 

L indicates that the address is valid. At the assertion of BSYNC L. 
address information is trapped in four latches. W';'''® ‘‘'f: 

ables all outputs except the vector term of BRPLY L. BSYNC L is held 
throughout the entire bus cycle. 

Wire-Wrao Pin: WP14 Mnemonic: DOOH 

Function- One of 16 data or address lines from the trans¬ 

ceivers for user applications. Address bit 0 is used for byte selection: 0 
= low byte; 1 = high byte. 

wira wrnn Pin- WP15 Mnemonic: BDOUT L 

Function- Test point for the BDOUT L bus signal. BDOUT 

L is a strobe signal to effect a data ® qut hB L 

decoded with BWTBT L and BDALO to form OUT LB L and OUT HB L. 
BDOUT L aiso causes BRPLY L to be issued through the deiay circuit. 

Wire-Wrap Pin: WP16 Mnemonic: INWDL 

Function- In word <IN WD) is used to gate input data from 

Si register onto the LSMl bos. Enabled by BSYNC L and 
strobed by BDIN L. 

Wire-Wrap Pin: WP17 Mnemonic: D01H 

Function: One of 16 data or address lines from the trans- 

celvers for user applications 


Wire-Wrap Pin: 
Function: 

plications. 

Wire-Wrap Pin: 
Function: 

applications. 

Wire-Wrap Pin: 
Function 


WP18 Mnemonic: INITOL 

An initialize signal (asserted low) for user ap- 

WP19 Mnemonic: INITOH 

An Initialize signal (asserted high) for user 


WP20 Mnemonic: BRPLY L 

Function- Test point for the BRPLY L bus signal. BRPLY 

L is generated by VECTOR H (vector term) or by BSYNC and ENB m 
combination with either BDIN L or DBOUT L. Capacitor C37 can be 
added by the user to extend the delay. 
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F!ine«I!n*’*'**"■ Mnemonic: VECRQSTBH 

B IQ mat- Used to distinguish whether device A or device 

B IS making a request. VECT RQST B H is asserted for device B 
requests and unasserted for device A requests. ^ 

Wnemonic; RQSTAH 

Function. When RQST A H is asserted, the bus reouest 

enable Hip^S'pfs'st.®"'^ 

Wire-WrapPin: WP23 Mnemonic: V3 

f address bit 3. WP23 is used to select 

address bit 3. When not wrapped to a ground oin 
VMtor address bit 3 Is a 1. When wrapped to WP3, veotor address bit 3 

"unatar”'"' Mnemonic: ENBDATAAH 

IlneTconidnction wit rEN^ cTk A 2 

the state o, the A interrapt enable tllX irelimrC^^^ 

Wire-Wrap Pin: WP25 Mnemonic: BIAKOL 

iQ^tho h!!- h • j point for the BIAKO L bus signal. BIAKO L 

Mnemonic: ENB CLK B H 

flirt fi 4 *1. r. ® ^ clock input to the enable B 

hat! D ® interrupt logic. When ENB CLK B H goes high ENB 
DATA B IS clocked into the enable B flip-flop. 

Flinctten^'*Mnemonic: ENB DATA BH 
linr in ^ • *• ®"®ble B data line. The level on this 

line, tn conjunction with the ENB CLK B H (see WP26) lines deter 
mines the state of the B interrupt enable flip-flop within the interrupt 

Wire-Wrap Pin: WP28 Mnemonic: RQSTBH 

HrS"for rfn ' p ^ ^ asserted. the bus request 

Hip-flop for device B in the interrupt logic is enabled, and BIRQ L 
becomes asserted if the interrupt enable flip-flop is set. 

Mnemonic: VECTOR H 

BRPLY i fvnnt E . Tfi*® Signal causes 

the LSI-11 bus via the vector address generator. 
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Wire-WraD Pin: WP30 Mnemonic: D02L 

Function- Test point for data/address bit 2. Useful when 

testina the protocol logic. D02 is latched at the asserted edge of 
BSYNC L. D02 and D01 are decoded to produce the SEL DEV outpu s. 

Wire-Wrao Pin: WP31 Mnemonic: ENBH 

Function- Test point for ENB H. This signal is the result of 

a coCare between the device address on the LSI-11 bus and the 
device address established by the user. When the addresses com¬ 
pare, ENB H is asserted and sent to the protocol logic. 

Wire-Wrao Pin: WP32 Mnemonic: SEL DEV 6 L 

^unctton .T 

tio^of BDAL1 L and BDAL2 L if ENB H (see WP31) is asserted at the 
asserted edge of BSYNC L. The four select signals indicate that a 
user's register has been selected for a data transaction _The select 
signals remain asserted until BSYNC L becomes unasserted. 


Wire-Wrap Pin: 
Function: 


WP33 Mnemonic: 
SeeWP32. 


SEL DEV 4 L 


Wire-Wrap Pin: 
Function: 


WP34 Mnemonic: SEL DEV 2 L 
See WP32. 


Wire-Wrap Pin: WP35 Mnemonic: SEL DEV OL 

■unction: See WP32. 

juira wran Pin- WP36 Mnemonic: OUT LB L 

Function: Out low byte is used to load (write) data into 

the low byte of a selected user register. See WP37. 

F'nctton-** Ouf high byTe"rs'"used‘'to°oad^(wr\te) data into 

r SV o. a sa,ec°;ai ular « usaa »» 

hioher lower, or both bytes can be written. OUT HB L is enabled oy 
BSYNC L and the decode of BWTBT L and BDALO L, and strobed by 

BDOUT L. 


Wire-Wrao Pin: WP38 Mnemonic: BIRO L 

^Inction: Test point for the BIRQ L bus signal. This sig- 

lal is asserted by a device needing interrupt service. 

«ire-WraD Pin: WP39 Mnemonic: BDMGO L 

Function- This signal is generated by DMA devices as a 

St of arbitrating the BDMGI L line. Jumper W2 must be removed if 
the DRV11-P is to be used for DMA service. 
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Wire-Wrap Pin: WP40 Mnemonic: BDMGIH 

thl ■ ® source for the BDMGI signal to drive 

the user s DMA request arbitration logic. See WP39. 

Wire-Wrap Pm: WP41 Mnemonic: ENBASTH 

A ST H is the status output from the en- 

enabte H'CTop li sft '' "'S"' 

Wire-Wrap Pin: WP42 Mnemonic: A12 

unction. Us6d to soloct th© us6r’s devic© addrp<?<i pinnn 

oTunT'^’ When Tot wrS;?d to ^ 

g P''^’ particular device address bit will be a 1 When 
wrapped to a ground pin (WP62 for bit A12). the particular bit will be a 


Wire-Wrap Pin: 
Function: 

ground pin is WP63. 

Wire-Wrap Pin: 
Function: 

ground pin is WP64 

Wire-Wrap Pin: 
Function: 

ground pin is WP65. 

Wire-Wrap Pin: 
Function: 

ground pin is WP66. 

Wire-Wrap Pin: 
Function: 

ground pin is WP67 

Wire-Wrap Pin: 
Function: 

ground pin is WP68. 

Wire-Wrap Pin: 
Function: 

ground pin is WP69. 

Wire-Wrap Pin: 
Function: 

ground pin is WP70 


WP43 Mnemonic: A09 
User’s device address bit 9 
See WP42. 

WP44 Mnemonic: A10 
User’s device address bit 10 
. See WP42. 

WP45 Mnemonic: All 
User’s device address bit 11 
See WP42. 

WP46 Mnemonic: A06 
User’s device address bit 6 
See WP42. 

WP47 Mnemonic: AOS 
User’s device address bit 8 
See WP42. 


The associated 

The associated 

The associated 

The associated 

The associated 


WP48 Mnemonic: A07 
User’s device address bit 7 
. See WP42. 

WP49 Mnemonic: A04 
User’s device address bit 4 
See WP42. 

WP50 Mnemonic: AOS 
User’s device address bit 3 
See WP42. 


The associated 

The associated 

The associated 
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Wlre-Wrao Pin: WP51 Mnemonic: AOS 

Function: User’s device address bit 5. The associated 

ground pin is WP71. See WP42. 

Wire-Wrap Pin: WP52 Mnemonic: SPARE 4 

Function: SeeWPI. 

Wire-Wrao Pin: WP53 Mnemonic: 

Function: Vector address bit 3. The associated ground 

pinisWP73. SeeWP23. 

Wire-Wrao Pin: WP54 Mnemonic: V7 

Function: Vector address bit 7. The associated ground 

pin isWP74. SeeWP23. 

Wire-Wrao Pin: WP55 Mnemonic: VS 

Function: Vector address bit S. The associated ground 

pinisWP7S. SeeWP23. 

Wire-Wrao Pin: WPS6 Mnemonic: V6 

Function: Vector address bit 6. The associated ground 

pinisWP76. SeeWP23. 

Wire-Wrao Pin: WPS7 Mnemonic: IN03H 

Function- One of 16 data or address lines to the trans- 

Mnemonic: SPARE ENBO 

Function- SPARE ENB 0 and SPARE ENB 1 (WP59) both 

must be driven lov. to write data from SPARE inputs 0 through 7 to the 
LSl-11 bus via the transceiver. For 8-bit input aPP"cat>ons Spare 
ENB 0 could be driven by one of the SEL DEV lines, while SPARE ENB 
1 could be driven by IN WD L. 


Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 

Function: 

WP42. 

Wire-Wrap Pin: 

Function: 

WP42. 


WPS9 Mnemonic: SPARE ENB 1 

See WPS8. 

WP60 Mnemonic: INOOH 

See WPS7. 

WP61 Mnemonic: D09 H 
SeeWP17. 

WP62 Mnemonic: 

Ground for user’s device address bit A12. See 

WP63 Mnemonic: 

Ground for user’s device address bit A09. See 
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Wire-Wrap Pin: 

Function: 

WP42. 


WP64 Mnemonic: 

Ground for user’s device address bit A10. See 


Wire-Wrap Pin: 

Function: 

WP42. 


WP65 Mnemonic: 

Ground for user’s device address bit A11. See 


Wire-Wrap Pin: 

Function: 

WP42. 

Wire-Wrap Pin: 

Function: 

WP42. 


WP66 Mnemonic: 

Ground for user’s device address bit A06. See 

WP67 Mnemonic: 

Ground for user’s device address bit AOS. See 


Wire-Wrap Pin: 

Function: 

WP42. 

Wire-Wrap Pin: 

Function: 

WP42. 


WP68 Mnemonic: 

Ground for user’s device address bit A07. See 

WP69 Mnemonic: 

Ground for user’s device address bit A04. See 


Wire-Wrap Pin: 

Function: 

WP42. 

Wire-Wrap Pin: 

Function: 

WP42. 


WP70 Mnemonic: 

Ground for user’s device address bit AOS. See 

WP71 Mnemonic: 

Ground for user’s device address bit AOS. See 


Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 


WP72 Mnemonic: D04 H 
See WP17. 

WP73 Mnemonic: 

Ground for vector address bit V4. See WP23. 
WP74 Mnemonic: 

Ground for vector address bit V5. See WP23. 
WP75 Mnemonic: 

Ground for vector address bit V6. See WP23. 
WP76 Mnemonic: 

Ground for vector address bit V7. See WP23. 


Wire-Wrap Pin: WP77 Mnemonic: BBS7H 

Function: Test point for the bank 7 select (BBS7) bus 

signai. This line is asserted by the bus master when an address in the 
upper bank is piaced on the LSI-11 bus. 
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Wire-Wrap Pin: 
Function: 

WP78 Mnemonic: 

SeeWPI. 

SPARE 6 

Wire-Wrap Pin: 
Function: 

WP79 Mnemonic: 

SeeWPI 7. 

D02H 

Wire-Wrap Pin: 
Function: 

WP80 Mnemonic: 

See WP57. 

1N02H 

Wire-Wrap Pin: 
Function: 

WP81 Mnemonic: 

SeeWP17. 

D15H 

Wire-Wrap Pin: 
Function: 

WP82 Mnemonic: 

See WP57. 

IN 13 H 

Wire-Wrap Pin: 
Function: 

WP83 Mnemonic: 

SeeWP17. 

D14H 

Wire-Wrap Pin: 
Function: 

WP84 Mnemonic: 

SeeWP17. 

D13H 

Wire-Wrap Pin: 
Function: 

WP85 Mnemonic: 

SeeWP17. 

D12H 


Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

11 bus. Both TRANS 


WP86 Mnemonic: IN12H 
SeeWP57. 

WP87 Mnemonic: D03 H 

SeeWP17. 

WP88 Mnemonic: D07 H 

SeeWP17. 

WP89 Mnemonic: IN10H 

See WP57. 

WP90 Mnemonic: SPARE 7 

SeeWPI. 

WP91 Mnemonic: DIOR 

See WP17. 

WP92 Mnemonic: IN 09 H 

See WP57. 

WP93 Mnemonic: 

Not used. 

WP94 Mnemonic: TRANS ENB C L 

Enables user’s data to be placed onto the LSl- 
ENB C and A (WP94 and WP120) and TRANS 
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ENB D and B (WP95 and WP100) must be driven low 
processor’s read data time. 


prior to the 


Wire-Wrap Pin: WP95 Mnemonic: TRANS ENB D L 

Function: See WP94. 


Wire-Wrap Pin: WP96 Mnemonic: IN 01 H 

Function: See WP57. 


Wire-Wrap Pin: WP97 Mnemonic: VEC ENB H 

Function: Test point for VEC ENB H. This signal gates the 

vector to the LSI-11 bus. provided that jumper W4 has notLen re- 
moved WP97 can be used as the source for VEC ENB H when adding 
an additional gate to the DRV11-P for vector expansion up to 774g. 

Wire-Wrap Pin: WP98 Mnemonic: IN 06 H 

Function: See WP57. 


Wire-Wrap Pin: 
Function: 

WP99 Mnemonic: IN 04 H 

See WP57. 

Wire-Wrap Pin: 
Function: 

WP100 Mnemonic: TRANS ENB B L 

See WP94. 

Wire-Wrap Pin: 
Function: 

WP101 Mnemonic: IN 15 H 

See WP57. 

Wire-Wrap Pin: 
Function: 

WP102 Mnemonic: IN14H 

See WP57. 

Wire-Wrap Pin: WP103 Mnemonic: 

Uimn!!r°W4 • . ^ “"6 When 

jumper W4 is removed. 

Wire-Wrap Pin: 
Function: 

WP104 Mnemonic: 

Not used. 

Wire-Wrap Pin: 
Function: 

WP105 Mnemonic: 

Not used. 

Wire-Wrap Pin: 
Function: 

WP106 Mnemonic: D08H 

See WP17. 

Wire-Wrap Pin: 
Function: 

WP107 Mnemonic: 006 H 

SeeWP17. 

Wire-Wrap Pin: 
Function: 

WP108 Mnemonic: IN11H 

See WP57. 

Wire-Wrap Pin: 
Function: 

WP109 Mnemonic: D11H 

SeeWP17. 
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Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 
Wire-Wrap Pin: 
Function: 


WP110 
Not used. 

WP111 
Not used. 

WP112 

SeeWPI. 

WP113 
See WP57. 

WP114 
Not used. 


Mnemonic: 


Mnemonic: 


Mnemonic: SPARES 
Mnemonic: IN OSH 


Mnemonic: 


WP115 Mnemonic: BSYNCH 

runc„»n. Test point tor BSYNC M ^ 

Of this signal, address information is trapped in four latches. BSYNC H 
is the inversion of BSYNC L. See WP13. 

WP116 Mnemonic: 

Not used. 

WP117 Mnemonic: D05H 
SeeWP17. 


Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 


WP118 
See WP57. 

WP119 
See WP57 

WP120 
See WP94 

+3V 


Mnemonic: IN07H 


Mnemonic: IN OSH 
Mnemonic: TRANSENBAL 


Mnemonic: 

runciio..^ There are t\wo +3V source'v/ire-wrap pins on 

the DRV11-P. Each +3V source can drive up to 13 TTL unit loads. 
These sources can be used for pulling up unused TTL inputs. 
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DUV11 LINE INTERFACE 
GENERAL 

The DUV11 line interface is a buffered, program-controlled, single-line 
communications interface device which is used to establish a data 
communications line between any LSI-11 bus and a Bell 201 synchro¬ 
nous modem or the equivalent. The module is fully programmable 
with respect to sync characters, character length (5 to 8 bits) and 
parity selection. The DUV11 provides serial-to-parallel and parallel-to- 
serial data communications, buffers TTL-to-EIA voltage levels and 
ElA-to-TTL voltage levels, and controls the modem for half- or full- 
duplex operation. 

FEATURES 

• Interfaces synchronous and isochronous communications data 

• Supports bisynchronous communications data 

• Interface signals meet EIA RS-232C standard 

• Operates in full-duplex or half-duplex modes 

• Maximum baud rate is 19.2K baud 

• Uses variable length characters (5,6, 7, or 8 bits plus parity) 

• Generates odd or even parity bits that are transmitted with the data 
character to the modem 

• Verifies received character parity 

• inhibits transmitter output for maintenance purposes 

• Provides control signals to the modem and monitors the modem 
status lines 

• Establishes synchronization prior to receiving data 

• Generates program interrupt requests 


SPECIFICATIONS 

Identification 

Size 

Power 


M7951 

Quad 

+5 Vdc±5%at0.86A 
+ 12 Vdc ±3%at0.32A 


Bus Loads 
AC 
DC 
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DESCRIPTION 


The DUV11 interface module comprises six functions that control the 
data flow between an LSI-11 bus and a Bell 201 modem or the equi¬ 
valent. The major functions, shown in Figure 1, are address compara¬ 
tor/command decoder, data multiplexer, modem interface logic, re¬ 
ceiver logic, transmitter logic, and interrupt control logic. The address 
comparator provides addressable access to the LSI-11 bus and the 
command decoder receives its control from the LSI-11 bus via the 
address comparator and direct connections. The data multiplexer re¬ 
ceives status data from the modem interface logic, the receiver logic, 
and the transmitter logic. It also controls the data and status 
information to the transceivers which is output to the LSI-11 bus. The 
modem interface logic converts the TTL logic levels to the EIA voltage 
levels required by the Bell 201 modem. It also contains the transmit 
data line to the modem and the serial data input line and has access to 
the modem control signals. The receiver logic accepts the EIA serial 
input and converts it into parallel data for the LSl-11 bus. The trans¬ 
mitter logic converts the parallel LSI-11 bus data into serial data for 
transmission over the communications lines. The interrupt control log¬ 
ic enables the DUV11 module to become bus master over the LSI-11 
bus by generating a program interrupt to an interrupt address vector. 


Address Comparator 

The address comparator logic is made up of the bus transceivers and 
address/vector rocker switches. The rocker switches are set before 
operating the DUV11. When the processor addresses the DUV11, the 
bus transceivers compare the preset address with the address on the 
LSI-11 bus (BDAL 00 through 15). If they compare, the MATCH signal 
is asserted, which enables the command decoder (DC004 ^hip)- Infor¬ 
mation then received at the transceivers is passed from the LSI-11 bus 
to the QDL bus (QDL 00 through 15) under control of the command 
decoder. Signal INWDB H enables the transceivers to receive data 
from the Q bus and place that data onto the QDL bus. This signal 
originates from the Q bus as BDIN L, which is driven to become DIN L 
DIN L Is applied to the command decoder and is output at INWD 
when MATCH is asserted by the address comparator. INWD L Is then 
qated to become INWDB L. Similarly, the signals SEL 0 L, SEL 2 L, and 
5EL 4 L, which are functions of QDL 00, QDL 01, and QDL 02 when 
MATCH is asserted to the command decoder, are gated to become EN 
QDL TO BDAL. This signal enables data from the QDL bus which is 
applied to the transceivers to pass on to the LSI-11 bus. 


336 







DUV11 


During an interrupt sequence, the address comparator circuitry pro¬ 
vides passage of the preset interrupt vector address to the LSi-11 bus. 
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Figure 1 DUV11 Logic Biock Diagram 
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Command Decoder (DC004) 

The command decoder logic controls the flow of data into the status 
registers within the DUV11 and the passage of status information and 
data back out to the CPU. 


The signals that enable the registers of the DUV11, such as LD 
PARCSR, LD TXDBUF, etc., are generated by gating the outputs of the 
command decoder. This logic receives bits 0 through 2 from the QDL 
bus When the address comparator outputs MATCH, these bus bits 
cause the command decoder logic to output the proper select signaL 
For example, if the control logic selector asserts SEL 6 L along with 
OUTLB L, the resultant gated output is LD TXDBUF (1) L, which causes 
the transmitter data buffer to load parallel data from the QDL bus. 


The data multiplexer controls the passage of DUV11 status signals 
and data to the bus transceivers for output to the CPU. Two signals, 
SEL 2 L and SEL 4 L, enable the selection of status signals and data 
which will pass on to the QDL bus. 

Modem Interface Logic 

The modem interface logic contains level converters to change the 
logic level signals to the operating voltage levels of the Bell 201 rno- 
dem. All logic signals ranging from 2.4V to 3.5V are converted to +6V. 
All ground (OV) logic signals are converted to -6V. 

Receiver Control Logic 

The receiver circuitry contains the synchronous/asynchronous receiv¬ 
er chip (SAR) and its supportive logic. Within the SAR, serial data 
received from the modem are converted to parallel data for 
the QDL bus. Parameter data are supplied via the QDL bus. PARCSR 
(1) L loads this data into the SAR. Having stored these parameters, the 
receiver detects the serial received character, accomplishes syn¬ 
chronization, frames the received character, detects errors, raises the 
RX DQNE flag, and holds the framed character (for program reading) 
until the next character is framed. 

Once the RCVR logic is enabled, it operates as programmed. 

SYNC input enables the RCVR logic. The contents of the PARCSR 

determine: 

1. Mode of operation (internal synchronous, external synchronous, 
or isochronous) 

2. Length of character to be framed (5,6,7, or 8 bits plus parity) 
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2 . 


3. Parity (enabled or disabled) 

4. Parity sense (odd or even) 

5. Sync character configuration 

The method of achieving synchronization is the principal difference 
between the modes of operation. '-'Mdi omerence 

ters ‘contiguous sync charac¬ 

ters must be recognized by the RCVR logic to achieve 
synchronization. Once synchronization is achieved, the RCVR 
starts framing on the very next character bit. The received charac¬ 
ters must arrive at the RCVR in a continuous serial bit stream or 
synchronization will b© lost. 

The external synchronous mode is designed for use with com¬ 
munication equipment which accomplishes synchronization ex- 

So"hiL t°s rpSp'^'^ synchronization log^c 

?Ywr operation by inhibiting the assertion of SCH 

So? synchronization with the XMTR has been achieved. 
When external synchronization is achieved, SCH SYNC asserts 
forcing the RCVR logic to the synchronized state. The RCVR then 
starts framing immediately, beginning with the next character bit. 

'■eceived character is preceded by 

ize the RCVR. In this mode, the receiver simply does not start 
framing until it recognizes a start bit. It then frames the character 

?X? ? """ s stop bit is no! 

detected the character received is considered invalid, flagged as 

such, and held for reading by the program. Hence, in the isochro¬ 
nous mode, characters need not be preceded by sync characters 
and need not arrive contiguously at the RCVR. 

The strip synchronization character (STRIP SYNC) input determines 
'■eceived sync characters are to be permitted to set the RX 

ed provided no errors are detected. 

Transmitter Control Logic 

The transmitter circuitry contains the synchronous/asynchronous 

supportive logic. The SAT accepts par- 
program, raises the TX DONE flag to raqJest 

modem. Before the transmitter operation can begin, the transmitter 
gramme? ^>^6 PARCSR and TXCSR registers pro- 


3. 
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The high-order bits from the QDL bus are loaded into the ^CSR when 
signal LD TXCSR HB H is asserted. The 'ow-order bits are 'oa'Jed 
the TXCSR when LD TXCSR LB H is asserted. The signal LD PARCSR 
(1) L asserted enables parameter data into the SAT. 

The signal SEND (1) H enables the transmitter logic. Once the trans 
mitter^is enabled, it operates as programmed. The contents of the 
PARCSR determine: 

1 Mode of operation (synchronous or isochronous) 

2. Length of character to be transmitted (5,6,7, or 8 bits plus parity) 

3. Parity (enabled or disabled) 

4 Parity sense (odd or even) 

s'. Sync character configuration (used as fill character in synchro- 
nous mode) 

There are distinct differences between the two modes of operation; 

1 in the synchronous mode, the XMTR receives a ^mit 

charactL from the program, generates parity if programmed, 
serially outputs the character plus parity to the modem, and raises 
^hTlX Se flag to request the next character. If the program 
Ss to prov^^de the next character before transmission of the cur¬ 
rent chalLter is complete, the XMTR outputs fill characters to 
maintain continuous transmission until another 
provided. Whenever a fill character is transmitted the date no 
bailable (DNA) flag is raised to notify the program of fill character 
transmission. 

2 In the isochronous mode, the XMTR receives a parallel transmit 
character from the program, generates parity if programmed, out¬ 
puts a start bit. serially outputs the character plus parity, o^tP^te a 
stop bit, and raises the TX DONE flag to request the next charac¬ 
ter However, in the isochronous mode, if the program fails to 
provide the next character before transmission of current 
character is complete, the XMTR simply pauses until the next 
character is provided. Hence, the DNA flag is never used in the 
isochronous mode. « 

The break input inhibits the XMTR output. Whenever the TXCSR break 
bit is set, the break input to the XMTR logic asserts ^nd -nhibjts the 
XMTR output. This input enables the program to 'nh'b't the ^TR 
output, while inputting data directly to the RCVR via the RCVR input 
select logic in the internal and external loop maintenance modes. 
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Interrupt Control Logic 

The interrupt control logic consists of two DC003 chips and associated 

interrupt control logic receives either 
RXDONE (t) H, TXDONE ( 1 , H, DATA SET CH ( 1 ) H, or DMA H i 
their associated interrupt enable signal, it generates BIRQ L (interrupt 
request) to the processor. The processor responds with BIAKI L (inter¬ 
rupt acknowledge in), which searches the logic for the originator of the 
interrupt was not originated at the DUV11, the signal 
foif * acknowledge out) is passed through with no action 

taken. If the DUV11 had originated the request, EN VEC TO BUS H is 
asserted and, depending on the particular interrupt, EN UPPER VEC H 
may also be asserted. This signal asserted then causes the addressing 
logic to load onto the LSI-11 bus, the contents of the preset vecto? 
address rocker switches. The processor will then perform the prepro¬ 
grammed subroutine for that interrupt vector address. 

Clear Logic 

The clear logic generates clear (CLR) and optional clear (OPT CLR) 
which initialize all DUV11 logic. The INIT signal or MSTRST asserted 
will activate the clear signals. INIT is a function of BINIT which is 
received by the interface whenever the computer activates the GO 
function, the processor executes a reset instruction, or the power-fail 
sequence occurs. The clear logic outputs are asserted as long as the 
BINIT signal remains low. MSTRST is program-controlled and is gen¬ 
erated by setting bit 8 of the TXCSR. When bit 8 of the TXCSR is set 
and LD TXCSR HB goes low, a 3 ms one-shot asserts MSTRST and the 
clear signals remain active for the duration of the one-shot. 

The OPT CLR output resets RXCSR bits 1, 2, and 3 and thereby clears 

ntT^TL°- By not selecting SW1 option switch, 
OPT CLR IS disabled, allowing the DUV11 to be cleared without having 
to repeat the handshaking sequence. BRPLY is also inhibited as long 
as CLR IS asserted. ^ 

Clock Control Logic 

The clock control logic decodes the maintenance mode select bits and 
assigns the transmitter and receiver clocks. There are three possible 
c ock sources: the modem, the programmable SS CLK (single step 
cock), and the system test clock. If the normal operating mode is 
decoded, the modem clocks are selected. MSOO (0) H is asserted 
enabling the modem clock inputs (TRS CLK, and REC CLK). If the 
internal loop or external loop maintenance mode is decoded the SS 
CLK IS selected. This program-controlled clock can be operated very 
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slowly to facilitate troubleshooting. In the internal loop 
H is asserted, enabling SS CLK (1) H. in the e^rtemal loop "^o^e 
(1) H and MSOO (0) H are asserted, enabling SS CLK (0) | ’ 

‘and REC CLK. SS CLK (0» H d.l.as CLK EXT,» ''J - 
modem test oonneotor, looped back end 

RFC CLK inouts If the system test mode is decoded, the system test 

r;«MeEmt 

RFC CLK) are inhibited. When the DUV11 is transmitting in the half- 
dnSex modTREC CLK le inhibited. HALF DUP (0) L and SEND (0) L 
go high in thii oondition, inhibiting REC CLK from reaching the reoeiv- 

er. 

^I^Lle p^rd'edrp'ro'd'uce -12 Vdc to, use b, the EiA dri^ 
the <?AT and the SAR chips. A 600 kHz dock is used to switch +12V 
into a capacitor network to produce approximateiy -20V unregulat^^ 
Vte oZCed voltage iethen reguieted«° 

twin zener diode networks. The zeners keep the -12V to within ±5 /«. 

mdlcatorTin*the*form of light-emitting diodes are provided to ^'s^ay 
data lines and modem control states for maintenance Purposes, ^y 
of the foilowing iines asserted will cause its respective LED to ' 
le RINO H SlR to send H, data SET RDY H. CARRIER H. SERI- 
AL DATA OUT H, and SERiAL DATA iN H. 


342 











DUV11 


CONFIGURATION 

General 

The following paragraphs describe how the user can configure the 
module for his own system. This module contains switches to select 
the device address, vector interrupt, and special control functions. 

Irp litteHstandard factory addresses 
are listed in Table 1 and described below. 

Table 1 DUV11 Factory Address Assignments 


Register 


Read/ DUV11 

Mnemonic Write Address 


Receiver Status 

Receiver Data Buffer* 
Parameter Status* 
Transmitter Status 
Transmitter Data Buffer 
Interrupt Vector 


RXCSR 

RXDBUF 

PARCSR 

TXCSR 

TXDBUF 

DONE 


R/W 

R 

W 

R/W 

W 


160010 

160013 

160012 

160014 

160016 

440 


Dual-purpose read or write register. 

Device Address 

The LSI-11 bus address and interrupt vector addresses, which are 
selectable, must be determined prior to operating the DUV11. The bus 
address (also referred to as the device address) is controlled by 
switches contained in the two switch banks E38 and E39 (Figure 2) 
located in the address comparator logic. The position of these switch- 
es determines the required address state (1 or 0) of bus address bits 
12-3. If a switch is set to ON, the switch contacts are closed and an 

, ^ o" ‘he related address bit to the address 

of the DUV11. Hence, electrically, the DUV11 can have any device 
address within the range of 160000 to 177777. However, DIGITAL soft¬ 
ware requires that the device address fall within the floating address 
range of 160010 to 163776. The device address is set to 160010 at the 
factory to facilitate manufacturing testing. The switch positions for 
address selection are described in Table 1 and Figure 3. 

NOTE 

If a device address is selected which falls outside the 
floating address range, the software must be modi¬ 
fied accordingly. 
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MR 0816 


Figure 2 DUV11 {M7951) Major Components 
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0 

0 

0 

0 

’ 1 1 j’^1 






n1 1 oRx 


OFF OFF OFF OFF OFF OFF OFF OFF OFF ON 

I i I I I I I I i 

SWITCH NO. .1 2 3 ^ ^ ^ ^ _^ 

E38 SWITCH E39 

SWITCH 


LOGICAL 1 = ON 
LOGICAL 0=OFF 
FACTORY ADDRESS 1600 


"1 RXD BUF 
PAR CSR 
TXD BUF 


0 RXCSR 
' 1 TXCSR 
TXDBUF 


Figure 3 Device Address Selection 
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Interrupt Vector 

The interrupt vector is aiso floating and is set to 440 at the factory to 
facilitate factory testing. If it is necessary to change the vector, simply 
change the six vector select switches contained in switch bank E39 
(Figure 2) as required. These switches control vector bits 8-3; there¬ 
fore, vectors can be generated in the range 000 to 774. However, the 
software requires that the vector fall within the floating range of 300 to 
777. The switch settings for vector selection are shown in Figure 4. 

NOTE 

If a vector is selected which falls outside the floating 
address range, the software must be modified 
accordingly. 


15 14 1 3 12 n 10 09 08 07 06 05 04 03 02 01 00 

i i i I i 1 

^ " ” " ▼ ▼ 1 XMTR 

ON OFF OFF ON OFF OFF 


LOGICAL 1 = ON 

LOGICAL 0 = OFF SWITCH NO. 
FACTORY ADDRESS 440 


i i 1 1 I i 


E39 SWITCH 

MR 1170 


Figure 4 Interrupt Vector Selection 


Option Switches 

The DUV11 can select optional control functions that are used during 
operation by using switches SI through S8 of E55. The detailed opera¬ 
tion of these switches is listed in Table 2. 


Table 2 Switch Assignments 

Switch No.* 

Function 

SW1 

Optional Clear—Switch ON enables CLR OPT, which 
is used to clear RXCSR bits 3,2 and 1. 

SW2 

Secondary Transmit—Switch ON enables secondary 
data channel between the modem and DUV11. 


"All switches are located on component reference designation E55. 
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Table 2 Switch Assignments (Cent) 


Switch No.* 

SW3 

SW4 

SW5 

SW6 

SW7 


Function 


Secondary Receive—Switch ON enabies secondary 
data channei between the modem and DUV11. 

Sync Characters—Switch ON enables the receiver to 
synchronize internally upon receiving one sync char¬ 
acter. The normal condition of receiving two sync 
characters exists when SW4 is off. 

Special Feature—Switch ON allows external clock to 
be Internally generated; used when a modem Is not 
being utilized. 

Special Feature—Optional feature is switched ON 
for program control of data rate selection. 

Maintenance Clock—Switch ON enables the clock 
that is used for maintenance purposes only. 


SW8 Not used. 


* All switches are located on component reference designation E55. 

Optional Equipment 

Mating Connector H836 

Cable BC05C-XX 

Registers 

The RXCSR is a read/write register that controls the RCVR (receiver) 
portion of the Interface, communicates interface status, requests, and 
supervisory data to the modem, and monitors status and supervisory 
data Inputs from the modem. 

The word format for the RXCSR is shown in Figure 5 and described in 
Table 3. 


15 

14 

13 

12 

11 

10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

DATA 

SET 

CH 

RING 

CLR 

TO 

SEND 

CAR¬ 

RIER 

REC 

ACT 

SEC 

REC 

DATA 

DATA 

SET 

RDY 

STRIP 

SYNC 

RX 

DONE 

RX 

INTEB 

DATA 

SET 

INTEB 

SCH 

SYNC 

SEC 

XMIT 

DATA 

REQ 

TO 

SD 

DATA 

TERM 

RDY 

NOT 

USE^ 

R ‘ 

^ R 

R 

R • 

^ R 

R 

R * 

^ R/W 

R 

R/W^ 

^ R/W 

R/W 

R/W^ 

^R/W 

R/W 



11-4900 


Figure 5 RXCSR Word Format 
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Tables RXCSR Word Format 

Bit: 15 Name: DAT SET CH 
Description: (Data Set Change) 

When set, this bit indicates a modem status change. 

This bit is set by a transition of any of the following lines: 

• Ring 

• Clear to Send 

• Carrier 

• Secondary Received Data 

• Data Set Ready 

If bit 5 of this register is set, the setting of this bit will cause a RCVR 
interrupt. 

Read-only bit; cleared by INIT, master reset, and the DTI SEL 0 
(RXCSR read strobe). 

Bit: 14 Name: RING 

Description: (Ring) 

This bit reflects the state of the modem ring line. When set, this bit 
indicates that a ring signai is being received from the modem Read¬ 
only bit. 

Bit: 13 Name: CLRTOSD 

Description: (Clear to Send) 

This bit reflects the state of the clear to send line from the modem 
When set. this bit indicates that the modem is ready to accept data 
from the interface for transmission. Read-only bit. 

Bit: 12 Name: CARRIER 

Description: (Carrier) 

This bit reflects the state of the modem carrier. When set, this bit 
indicates the carrier is up. Read-only bit. 

Bit: 11 Name: REC ACT 

Description: (Receiver Active) 

When the internal synchronous mode is selected, this bit is set when 
the proper number of contiguous sync characters (either 1 or 2, nor¬ 
mally set for 2) have been received. If external synchronous or iso¬ 
chronous mode is seiected, this bit follows the state of the search sync 
bit (bit 4 of this register). 

Read-only; cleared by INIT, master reset, and SCH SYNC (1) H (search 
sync) making 1 to 0 transition. 
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Bit: 10 Name: SEC RCV DAT 

Description: (Secondary Recieve Data) . , 

This bit reflects the state of the secondary receive data line from the 
modem. This bit provides a receive channel for supervisory data from 
the modem to the processor. Read-only bit. 

Bit: 9 Name: DAT SET RDY 

Description: (Data Set Ready) 

This bit reflects the state of the data set ready line from the modem. 
When set, this bit indicates that the modem is powered up and ready. 
Read-oniy bit. 

Bit: 8 Name: STRIP SYNC 

Description: (Strip Sync) 

This bit determines whether sync characters received from the - 
dem are to be presented to the program for reading. When this bit is 
set, receive characters that match the contents of the sync register do 
not cause RCVR interrupt, provided no errors are detected, i.e., bit 15 
of the RXDBUFis clear. 

Read/write bit; cleared by INIT and master reset. 

Bit: 7 Name: RX DONE 

Description: (Receiver Done) ^ ^ u „ 

This bit is set when synchronization has been achieved and a charac¬ 
ter has been loaded into the RXDBUF, provided the STRIP SYNC bit is 
not set. If the STRIP SYNC bit is set and the received character is a 
sync character without errors, i.e., bit 15 of the RXDBUF is clear, this 
bit will not be set. 

When set, this bit will cause a RCVR interrupt request provided bit 6 of 
this register is set. 

Read-oniy bit; cleared by INIT, master reset, and the DTI SEL 2 
(RXDBUF read strobe). 


Bit: 6 Name: RX INT EB 

Description: (Receiver Interrupt Enable) 

When set, allows a RCVR interrupt request to be generated when the 
RX DONE bit is set. 

Read/write bit; cleared by INIT and master reset. 


Bit: 5 Name: DAT SET INT EB 

Description: (Data Set Interrupt Enable) 

When set, allows a RCVR interrupt request to be generated when the 
DAT SET CH bit is set. 
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Bit: 4 Name: SCH SYNC 

Description: (Search Sync) 

When set in the internal synchronous mode, enables the RCVR svn- 

dStThTtf comparing incoming 

data bits to the contents of the sync register in an attempt to recognize 
a sync character. 

tioiTlog'^* isochronous mode, enables the RX DONE flag genera- 

When set in the external synchronous mode, enables the RX DONE 
charSr'°" *° start framing incoming 

Read/write bit; cleared by INIT and master reset. 

Bit: 3 Name: SECXMIT 

Description: (Secondary Transmit Data) 

This bit reflects the state of the secondary transmit data line to the 
rnodem. This bit provides a transmit channel for supervisory data from 
the processor to the modem. 

Read/write bit: cleared by INIT and master reset. 

Bit: 2 Name: REQ TO SD 

Description: (Request to Send) 

When set, this bit causes the request to send line to the modem to be 
asserted. The request to send line is a control lead to the modem. This 

line must be asserted before the interface can transmit data to the 
modem. 


Read/write bit; optionally cleared by INIT and master reset. 

Bit: 1 Name: DATA TERM RDY 

Description: (Data Terminal Ready) 

When set, this bit indicates the interface is powered up, programmed 
and ready to receive data from the modem. 

Setting this bit causes the data terminal ready line to the modem to be 
asserted. The data terminal ready line is a control lead for the modem 
communication channel. When asserted, it permits the interface to be 
connected to the channel. 

Read/write bit; optionally cleared by INIT and master reset. 


(f’XDBUF) and the parameter status register 
(KARCSR) have the same address location, but RXDBUF is a read¬ 
only register and PARCSR is a write-only register. The RXDBUF regis- 
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ter detects interface RCVR status flags and RCVR parallel data out¬ 
puts Its word format is shown in Figure 6 and described m Table 4 
The PARCSR register establishes the overall operating parameters of 
Jhe DUVII. i.e.. "he mode of operation (synchronous or isochronouj 
word length (5. 6, 7, or 8 bits plus parity), parity (enabled or disabled) 
parity sense (odd or even), and sync character configuration. Its word 
format is shown in Figure 7 and described in Tab e . 



o 

o 

o 

00 

o 

15 

RX 

ERR 

OVRN 

ERR 

1 o 

FRM 

ERR 

PAR 

ERR 1 

NOT USED 

RCVR DATA 



--PI-an ONLY *1 

n-2240 


Figure 6 RXDBUF Word Format 


Table 4 RXDBUF Word Format 


Bit: 15 Name: RX ERR 

Th^bTirse/w^h?neter^ onl of the three receiver error bits is set 
(loQicdl OR of bits 14,13 and 12). 

Read-only bit, cleared only when bits 14,13, and 12 are cleared. 


Bit: 14 Name: OVRN ERR 

When'Suhis wnnSteTthat the processor has failed to service the i 
RX DONE flag within the time required to load another character imo , 
the RXDBUF, i.e, (1 /baud rate) X (bits per character) seconds. Hence, , 
the previous character was overwritten (lost). This condition indicates ^ 
the loss of at least one character. 


Read-only bit; cleared by INIT, master reset, and DTI SEL 2 (RXDBUF 
read strobe). 

Bit- 13 Name: FRM ERR 

stop bit. This error only occurs in the isochronous mode of operation. 
Read-only bit; cleared by INIT, master reset, and DTI SEL 2. 
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Bit: 12 Name: PAR ERR 

Description: (Parity Error) 

When set, indicates that the parity of the received character does not 
j agree with the parity programmed (odd or even). If parity is not 
I programmed, this bit is always cleared. 

Read-only bit; cleared by INIT, master reset and DTI SEL 2. 

Bit: 7-0 Name: RCVR DATA 

Description: (Receiver Data) 

This register holds the received character for transfer to the program. 
The buffer is right-justified for 5, 6, 7 or 8 bits. If parity is received, it is 
also loaded into the buffer at the next vacant higher order bit position. 
Therefore, if a 5-bit character plus parity is framed by the RCVR, the 
parity bit would be loaded into bit position 5 in the RXDBUF and 
I presented to the program for reading. If an 8-bit character plus parity 
i is framed, the parity bit would not be presented to the program for 
I reading. 

Read-only buffer; cannot be cleared; INIT or master reset sets the 
buffer to all 1s. Reading the RDXBUF causes the RX DONE bit in the 
RXCSR to clear. 


<3 12 11 10 09 08 07 


NOT 

USED 

MODE 

SEL 

00 

WORD 

LENGTH 

SEL 

PAR 

ENB 

PAR 

SEN 

SEL 


SYNC REGISTER 

-►OO 






WRITE 

ONLY- 




Figure 7 PARCSR Word Format 


Table 5 PARCSR Word Format 


Bit: 13-12 Name: MODE SEL 
Description: (Mode Select) 

These bits control the mode of operation. Modes are selected as fol- 
lows: 


Mode 

Internal 

Synchronous 

External 

Synchronous 

Isochronous 

Illegal 

(not used) 


Bit 13 

1 


Bit 12 

1 


1 


0 

0 


0 

1 


Write-only bits. 
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Bit: 11-10 Name: WORDLENSEL 
Description: (Word Length Select) 

These bits control the length of characters received and transmitted 
by Interface. Word length (not Including parity) is selected as follows: 


Bits/Char 

5 

6 

7 

8 


Bit 11 

0 

0 

1 

1 


Bit 10 

0 
1 
0 
1 


Write-only bits. 

Bit: 9 Name: PAR ENB 

Description: (Parity Enable) 

If this bit is set, parity for each character will be generated by the 
XMTR and checked by the RCVR. If character length f 'ess than eigh 
bits, the parity bit for received data is loaded into 
reading by the program. If bad parity is detected at the RCVR, the 
parity error flag is set (bit 12 of the RXDBUF). 

Write-only bit. 

Bit: 8 Name: PAR SEN SEL 

Description: (Parity Sense Select) 

When the parity enable bit (bit 9 of this register) is set, the sense of the 
parity (odd or even) is controlled by this bit. When this bit is set, even 
parity is generated by the XMTR and checked for by the RCVR. (The 
program does not have to provide a parity bit to the XMTR.) When this 
bit is cleared, odd parity is generated and checked. 

Write-only bit. 

Bit: 7-0 Name: Sync Register 

Description: This register contains the sync character. The sync 
character is used by the RCVR to detect received sync characters and 
thereby achieve synchronization. 

The sync character is used as a fill character by the XMTR when 
operating in the synchronous mode. Fill characters are transmitted 
when the program fails to provide characters to the XMTR fast enough 
to maintain continuous transmission i.e, (1/baud rate) x (bits per 
character) seconds - V 2 (bit time). 

The transmitter status register (TXCSR) is a read/write register that 
controls the XMTR (transmitter) portion of the interface, controls the 
resetting and initialization of the interface, and controls and monitors 
the maintenance mode operation of the interface. 
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The TXCSR word format Is shown in Figure 8 and described in Table 6. 


DNA 

R ^ 

MAINT 

DATA 

^ R/W 

SS 

CLK 

R/W 

MS 

01 

R/W^ 

MS 

00 

^ R/W 

RX 

INP 

R 

NOT 

USED 

J 

MST 

RST 

TX 

DONE 

TX 

INTEB 

uo 

DNA 

INTEB 

rr-~ 

04 

SEND 

03 

HALF 

DUP 

02 01 

NOT USED 

00 

break 


Figure 8 TXCSR Word Format 

Table 6 TXCSR Word Formal 

Bit: 15 Name: DNA 
Description: (Data Not Available) 

® f'" transmitted. This 

SorL°r1^ synchronous mode of operation and is caused by 
late program response to a TX DONE interrupt request. 

The processor response to TX DONE must be within (1/baud rate) x 

request '® ®®*’ ®®**ing this bit causes an XMTR interrupt 

r?a?^robe)'*’ ^ CrxcSR 

Bit: 14 Name: MAINTDATA 

Description: (Maintenance Data) 

mriLt*'°°P ®’‘'®^"®' 'OOP maintenance 

modes by the diagnostic program to simulate serial input to the RCVR. 

Read/write bit; cleared by INIT or master reset. 

Bit: 13 Name: SSCLK 

Description: (Single Step Maintenance Clock) 

This bit is used in the internal loop and external loop maintenance 

‘^'agnostic program to simulate XMTR and RCVR 

Read/write bit; cleared by INIT or master reset. 
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Bit: 12-11 Name: MS01/MS00 
Description: (Maintenance Mode Select 01 and 00) 

These bits are used to select the normal mode of operation or one of 
three maintenance modes. Modes are selected as follows. 

Mode Bit12 Bittl 

Normal 0 

Internal 0 

Maintenance 


Loop 

External 

Maintenance 

Loop 

System Test 


0 

1 


Read/write bits; cleared by INIT and master reset. 

% 

Bit: 10 Name: RXINP 

Description: (Receiver Input) 

This bit monitors the RCVR input to the internal loop and external loop 


maintenance modes. 
Read-only bit. 


Bit: 9 Name: MSTRST 

Description: (Master Reset) ♦ho 

This bit is used to generate a CLR (clear) pulse, which initializes i^he 
registers and the XMTR and RCVR and inhibits the BRPLY L (bus 
reply) signal. This bit remains at a (1) for only 3 after being set. 

Read/write bit. 


Bit: 7 Name: TX DONE 

Description: (Transmitter Done) 

This bit is set by INIT and master reset and when the first bit of the 
character contained in the XMTR register is placed on the XMTR out¬ 
put line. If bit 6 of this register is set when this bit is set, an XMTR 
interrupt request is generated. 

Read-only bit; cleared by LD TXDBUF (TXDBUF load strobe). 


Bit: 6 Name: TX INT EB 

Description: (Transmitter Interrupt Enable) 

When set, this bit allows a XMTR interrupt request to be generated by 
the TX DONE bit. 

Read/write bit; cleared by INIT and master reset. 
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B**: 5 Name: DNA INT EB 

Description: (Data Not Available Interrupt Enable) 

theDNybl'l" '»'>» »y 

Read/write bit; cleared by INIT and master reset. 

Bit: 4 Name: SEND 

Description: (Send) 

When set this bit enables the XMTR and transmission will start when a 

emi fm!!; remain set untiUhe 

cu entTv *'^"S"’*ssion of the character 

the idte state and the XMTR will enter 

Read/write bit; cleared by INIT and master reset. 

Bit: 3 Name: HALF DUP 

Description: (Half-Duplex) 

When this bit is set, operation will be in the half-duplex mode In thk 
mode, the RCVR ts disabled whenever bit 4 of this register is set. 
Read/write bit; cleared by INIT and master reset. 

Bit: 0 Name: BREAK 

Description: (Break) 

Tete®SERIAL DATA OUT H is 
no 111 Th '°w) condition; otherwise, operation is 

or externa?teol ^'agnostic program in the internal loop 

^nnutl ! 1 ^ maintenance modes to inhibit the XMTR output while 
inputting data to the RCVR via bit 14 of this register. 

Read/write bit; cleared by INIT and master reset. 

The transmitter data buffer (TXDBUF) is a write-only register that oro 
mo?em^ tS? transmission to the 

de^scXd^ble" -^'^ure 9 and 


NOT USED 


II- 2243 

Figure 9 TXDBUF Word Format 
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Table 7 TXDBUF Word Format 
Bit’ 7-0 Name: XMTRDATA 

w,.h .h. c.a,.c,er ,o .a .ran. 
mid iSarace, length is Item 5 to 8 bite- The eharacmr .a nght- 
justified. If a parity bit is enabled, it is generated by the interface. 
Write-only bits; an INIT or master reset places all 1s in this register. 
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DZV11 ASYCHRONOUS MULTIPLEXER 


GENERAL 

The DZV11 is an asynchronous multiplexer interface module that in¬ 
terconnects the LSI-11 bus with up to four asynchronous serial data 
communications channels. The module provides EIA interface levels 
and enough data set control to permit dial-up (auto-answer) operation 
with modems using full-duplex operations such as Bell models 103 
113, 212, or equivalent. The DZV11 does not support half-duplex op¬ 
erations such as remote operation over private lines for full-duplex 
point-to-point or full-duplex multipoint as a control (master) station, 
^le DZV11-B includes a BC11U cable assembly for interconnection to 
the communication devices. 

The DZV11-B interface consists of the M7957 module, a BC11U-25 
interface cable, and two accessory test connectors (H329 and H325) 
The H329 connector permits a staggered loopback. The H325 connec¬ 
tor IS used with the BC11U cable to provide the single-line loopback. 

FEATURES 

• Selectable baud rates of 50 to 9600 

• Character length of 5,6, 7, or 8-bits 

• Stop bits, 1 or 2, for 6-, 7-, and 8-bit characters 

• Stop bits, 1 or 1.5, for 5-bit characters 

• Parity generation and detection for odd, even, and no parity 

• Transmitter and receiver interrupts 

• Generates and detects break signals 

SPECIFICATIONS 

Identification M7957 


Size 

Power 


Quad 

+5Vdc ±5% at 1.15 A 
+12 Vdc ±3% at 0.40 A 


Bus loads 
AC 
DC 


3.95 


Performance 


Interface signals meet EIA stan¬ 
dard RS-232C 
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description 


The DZV11 module transmits communication data from the LSI-11 
bus through the interface, to the transmitter data -’eg-s er -n the 
UARTs There they are converted from parallel data to serial data and 
sent to the EIA trLsmitters. The transmitters convert the serial data 
from TTL levels to ElA levels and send them to the communicatio 
line. A functional diagram of the module is shown in Figure 1. 

Data coming in from the communication iines are 

to TTL by the ElA receivers, then from serial to parallel by 'he UARTs^ 

The parallel data leaves the UART receiver buffers and a’’® stojed in 

Ihe ^io buffer. From there it is transferred 

interface. The bus interface places the data on the LSI-11 bu . 

The interrupt logic requests interrupt service when a transmitter is 
Imprand wh,n the ilo butter has either 1 o, 16 characters of re- 
ceived data, as seiected by the program. 
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M which of the four possible lines is 

to be used, and controls the loading of the data. 

In^d unSnrof the sS^® 

9®"®rates clock signals for the UARTs 

The break logic inhibits output data to create a break signal The four 
lines operate independently and under program control.^ 

The maintenance mode data selector provides the caoabilitv of 

Zdulelp'erMot “ ""'O' 

Interrupt Logic 

Most of the logic for interrupts is contained in a single DC003 in 

iTinJlf ° two interrupt channels: one for receiv¬ 

er interrupts and one for transmitter interrupts. The circuit generates a 

the computer (receiver-done interrupt) or when the silo buffer has 16 
Characters ready (silo-alarm interrupt.) 

The receiver-done interrupt is enabled by setting CSR bit 6 The silo- 
alarm interrupt is enabled by setting bit 12. Setting bit 12 howevlr 
inhibits the receiver-done signal from the RBUF. Therefore receiver- 
done interrupts do not occur when silo-alarm interrupts are enabled. 

r?o1<!5l?ii* ® ‘^ansmitter interrupt when the transmitter data 

f ''®^® from the comput¬ 

er. The transmitter-ready interrupt is enabled by setting CSR bit l/ 

r^uottv chT^?®''T* distinguished from a receiver-done inter¬ 
service rouS."® corresponding bits in the CSR when entering a 

EIA Receivers 

The DZV11 receives three modem signals for each of the four 
communication lines it interfaces. Carrier-detect, ring-indicator and 
received and converted from EIA levels to TTL lev- 

received-data signals go the RBUF (in the UARTs). 

EIA Transmitters 

control up to three modem control signals for each of 
the four communication lines it interfaces. Control bits from the trans- 
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miner control register are converted from TTL 'e''®'® 
drive modem control lines. For each line there is a single control bn 
that is always connected to data-terminal-ready. These signals may be 
Lo control rortoeot-to-sond. It this Is done, th^ -nsy 
then be further iumpered to control forced-busy (lor Bell model 013E 
and 113B modems with the forced-busy option). 

Data to be transmitted from the computer to the lines move from the 
ttansmitter data buffer to the EIA transmitters, where they are convert¬ 
ed from TTL levels to EIA levels and placed on the lines. 

The" D*ZV11 uses four universal asynchronous receiver/transmitter 
mARTrch PS one for each of the four communication mes^ Each 
UART oSms part of the functions of the receiver buffer RBUF). 
transmSter data register (TDR). and line parameter register (LPR^or 
he ^arlnL under its control. The RBUF takes serial data received by 
the EIA receivers, strips off the start, stop, and parity bits, converts 
them to parallel data, and places them on the device ^ata bus. The 
TDR takes parallel data from the device data bus. ®PP®"^ ® f “P; 

and parity bits, converts them to serial data, and sends thern to the EIA 
transmitter. The LPR controls the speed, parity, and number of st p 
bits that the RBUF and TDR use. 

Settina Line Parameters - The low byte of the LPR is contained 
Lideihe UARTs. and controls the data format. The high byte is con¬ 
tained in the baud rate generator circuits and controls the speed at 
which data is transmitted and received. 

When the computer addresses the LPR. the I/O o'® 9?"®/: 
ates a load pulse. The load pulse enables LPR bits 0 and 1 to strobe 
the selected UART and baud rate generator. ^ 7 are 

latched into the UART to select the data format. ® 
latched into the baud rate generator to select the speed. Bit 12 enables 
the receiver clock signal to reach the UART. 

UART Receiver Operation - Serial data ooming in from the EIA 
receiver are applied to the receiver section of *';® ^ 

UART samples the serial input at the receiver clock rate (16 bme® tje 
data bit rate). The line is in a continuous marking state when id . 
When a start bit arrives, the UART detects the 
tion. It samples the line again at the time corresponding to the middle 
of the start bit. If the line is marking, the UART logic ''’j® 

first sample was noise, and resumes sampling. If it finds *'’® '®® ® 
still spacing, however, the logic assumes it is receiving a start bit. and 
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I 


enters the data entry mode. In this mode the UART shifts the data 

rS; oHhe enabled, the UART checks 

the total of the received data bits plus the parity bit (It checks for an 

even tote, „ oven parl^ hee been selected end an odS tota^I^^dd 
P ity has been selected.) A parity error causes the UART to set the 
parity error flag bit in the high byte of the RBUF word. 

The UART checks the stop bit to see if it is marking. If the line is 

markinq 'thTuARTk.^^^^ ^’'^n’^ns-error flag bit. If the line is 

marking, the UART logic assumes there is a valid stop bit. 

About haif-way through the stop bit time, the UART transfers the re- 

from b*t. and the framinrerror bit 

asserts thf da a ‘■iTT®*®'' register. At this time it 

asserts the data-avaiiable signal to the receiver-control logic If the 

p?av,ors"chi" 

The receiver control loads the contents of the RBUF (data and status! 
mto the silo buffer for subsequent transfer to the com put r The 

irrrptt°t;i:r'‘ ---- 

UART Transmitter Operation — During idle time, the UART transmits 

(tBMTa«%"'H'Th® transmitter ready signai 

(TBMT) asserted. The transmitter control circuitry uses this signal to 
determine when to initiate a transmitter interrupt request. 

ITsera DAToT DATOR ® communication iine. it 

uses a DATO or DATOB sequence to address the TDR and olace the 

data on the bus lines. The low byte of the TDR word is loadL into a 

ter IhfuAR?®'feeding regis- 
thP negates TBMT. It then transfers the data in parallei from 

ledei Ih ff '®®'® *° ® '® 9 ister and reasserts TBMT. In the 

serial shift register, the UART attaches start, stop, and parity bits al 

,bb Krancmitter '» 

Break Bits 

reception of break bits are closely related to the 
t^ransmission and reception of data. A break signal is a continous 
spacing condition on the serial data line. When a UART receives a 
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break signal, it interprets the continuous space as a character that is 
missing a stop bit. Therefore, it sets the framing-error flag. The pro¬ 
gram then determines how a framing error is handled. 

A break signal may be transmitted by interrupting the flow of serial 
data leaving the UART. The high byte of the TDR may be thought of as 
atear^egi^er. It contains one break bit for each of the four com¬ 
munication channels. Setting one of these bits will inhibit the flow o 
data from the UART transmitter to the EIA transmitter, thereby causing 
a break to be transmitted on the communication line. 

^hedrcuit'^cruolling‘IpUd and format include 

register, two dual-baud-rate generator chips, an oscillator, and two 

addressable latches. 

When the LSl-11 bus writes a word out to the LPR, the following events 
occur 

1. During address time the bus interface and I/O control circuitry 
decode the address and produce a load pulse, LD LPR REGIS 
TER L 

2 During data time, the load pulse enables two addressable latches 
to be addressed by bits 0 through 2. One latch rout^ 
bit 12 to a gate that inhibits or enables the receiver clock to the 
selected UART. For a receive operation the clock is enabled, 
transmit operation it is inhibited. 

The other latch applies an enabling signal (CONTROL STROBE H) 
to both the UART and the baud-rate generator chip section that 
controls the communication line selected by bits 0 through 2. 

Bits 3 through 7 are strobed into the selected UART to select the 
oTdata bits, ths nubtbar ot stop bits, and odd, avab, or no 

parity. . . 

4 Bits 8 through 11 are strobed into the selected baud-rate 
generator chip to control the amount by which the 5 MHz oscilla¬ 
tor is divided to produce the UART clock signal. 

Thus, the line parameter register is formed by 

the UARTs, baud-rate generators, and addressable latches. 

Receiver Scanner — The receiver scanner circuit samj^es the states 
of the data available signals from the UARTs. When it detects a ru 
co"dnion Jt ponsrstss a load pulse lo transfer the received data front 
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sequence in which the receiver-data- 
available (DA) fiags are scanned and the characters ioaded into the 
^10 buffer .s controlied by a 4-phase timing sequencer and a group of 
multiplexers, demultiplexers, and counters. 

The sequencer produces four timing signais. The signal times are 
designated Phase 1 through Phase 4. 

During Phase 1. a signal toggles the address generator to increment 

fpAH P t!® RCV SCAN LEAD A and RCV SCAN 

LEAD B These two signals address a multiplexer. The multiplexer 
selects the data-available-line from the UART corresponding to the 
address code and applies it to a gate. The other input to the gate is a 

hT '® asserted when the silo 

IS ready to load data. 

If the data-available signal is set and the silo buffer is ready, the gate 

^ 3lso address a demulti- 
AQrc'i’ places an enabling signal (RCV DATA EN- 

sarie UART^tiaf addressed by the scan leads. This is the 

same UART that is having its DA line sampled. The RCV DATA EN¬ 
ABLE signal enables the UART to place the contents of the receiver 
holding register on the lines to the silo buffer (RD1 through RD8). 

LOAD^EOUF^V’S® T''®?.®'' *^® 'f SILO 

request H is true, the flip-flop sets. When the flip-flop sets 

one output goes to the silo buffer as LOAD SILO H and strobes 
received data from the UART into the silo buffer. At the same time the 
data enter, status information is also loaded into the silo. Framinq- 
error, ov®rrun-error, and parity-error bits from the selected UART are 
routed via multiplexers into the silo. The states of RCV SCAN LEAD A 
and RCV SCAN LEAD B are loaded into the silo to indicate from which 
communication line the received character came. 

LOAD SILO H also goes to a latch in the sequencer. From there it 

and asserts RESET DA to the selected 

‘he data available flag in the UART so that 
another character may be received. 

At the beginning of Phase 4 time, the transition out of Phase 3 clocks 

tel! °“"*®K ^^® ®'‘® 'nc-ements by one count to keep a 

tally of the number of times the silo buffer has been loaded 
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Phase 4 re-establishes the initial conditions of the scanner circuit for 
the next scan cycle. 

Silo Buffer — The silo buffer comprises four 4 x 64-bit 3341 serial 
memory chips. The chips are arranged as a 16-bit long, 64-word deep 
first-in first-out memory. Data is entered in the “top” of the memory as 
described in the previous section. The in-ready signal means there is a 
vacancy in the top word of the memory. Similarly, the out-ready signal 
indicates there is a word in the “bottom” of the silo waiting to be 
shifted out. 

The buffer stores full RBUF words. Received character data is stored 
in the low byte, and receiver data in the high byte, buffer shifts 
data in when it receives LOAD SILO H from the load-silo flip-flop, and 
it shifts data out when it receives UNLOAD SILO H from the unload 

control. 

Data is shifted out as a result of either a receiver-done interrupt or a 
silo-alarm interrupt. The presence of an output-ready signal from each 
of the four chips asserts RECEIVER DONE H to the interrup logic, 
the receiver-done interrupt enable bit is set, the interrupt logic will 
assert the interrupt request signal to the CPU. 

If the silo-alarm interrupt enable bit is set, RECEIVER ^J® 

inhibited at the interrupt logic. In this case, a 

requested until the silo buffer has 16 characters ready. Setting sHo- 
alarm-enable allows the silo counter to increment each time the silo is 
loaded. On the 16th count, the silo counter overflows, and the carr^ 
out signal sets the silo-alarm flip-flop. The flip-flop in turn asserts SILO 
ALARM H to the interrupt logic. 

When the interrupt request is acknowledged, the silo is unloaded. The 
unloading sequence is the same for both types of receiver interrupts. It 
proceeds as follows: 

1. When data reaches the bottom of the silo, the out-ready signals 
are gated together to produce RECEIVER DONE H. 

2 RECEIVER DONE H is applied to a latch. When a CPU input trans¬ 
action (DATI) addresses the RBUF, READ RCV BUFFER H latches 
the state of RECEIVER DONE H. 

3. The output of the latch is VALID DATA H. This signal conditions 
one Input of a one-shot. 

4. The trailing edge of READ RCV BUFFER H triggers the one-shot, 
which generates UNLOAD SILO H. 
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5. UNLOAD SILO H causes the silo buffer to shift out an RBUF word 
(character and status data). The word is transferred via a multi¬ 
plexer to the device data bus. From there the bus transceivers 
p ace it on the LSI-11 bus. VALID DATA H is applied to the multi¬ 
plexer along with the output of the silo buffer, where it becomes 
bit 15 of the RBUF word. 


Transmitter Control 

The transmitter control circuit checks the transmitter control register 
to determine which lines are enabled. It checks the UARTs to deter- 
rnme which are ready to transmit, and it enables the UART controlling 
the highest priority line to load data from the CPU. 

The sequence begins with the master scan enable signal from the 
CSR. MASTER SCAN ENBL H triggers a 350 ns one-shot. The leading 
edge of the one-shot output clocks a 4-bit latch. A true bit in the latch 
indicates that the corresponding line is enabled and that the 
transmitter buffer empty flag is set for the UART controlling that line. 
Outputs from the latch are applied to a priority encoder. The priority 

® represent the communication line 

number. When more than one channel is ready at the same time, the 
indicates the one having the highest priority. (Line 3 has 
the highest priority; line 0, the lowest.) This code addresses two multi¬ 
plexers in the transmitter control circuit, and also goes to CSR bits 8 
and 9. CSR bita TLINE A and TLINE B .ell ,he proBran. on nifna 
the next character will be transmitted. The priority encoder also ap- 
piies a ready signal to the transmitter ready flip-flop when any of the 
bits in the latch are true. 

hons-*^^''*"^ one-shot output performs two func- 

1. The zero (false) output checks the transmitter ready flip-flop As¬ 

suming a line-enable bit is set and a TBMT signal is true, the 
transmitter-ready flip-flop asserts TRANSMITTER READY H to the 
interrupt logic and the CSR. If enabled, a transmitter-interrupt 
request will be initiated. ^ 

The transmitter-ready flip-flop also disables the gate controllina 
the input to the 350 ns one-shot. This inhibits further clocking until 
the me can be serviced. At the same time, the signal enables the 
contents of the line-enable latch to enter a multiplexer. 

2. The second function of the trailing edge of the 350 ns one-shot is 
to trigger a 100 ns one-shot. The output of the 100 ns one-shot 
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disables the input to the 350 ns one-shot. The 350 ns one-shot is 
inhibited to prevent losing the latched-in line number. 

The assertion of TRANSMITTER READY H ultimately results in the 
CPU performing a DATOB to load data into the TDR. During address 
time, the I/O control asserts load pulse LD TDR REGISTER H. LOAD 
IN PROGRESS L from the I/O control strobes LD TDR REGISTER H 
into a demultiplexer. The demultiplexer output is a transmitter¬ 
holding-register load pulse (THRL). It is routed to the UART that con¬ 
trols the line addressed by the priority encoder. This enables the 
UART transmitter to load character data from the device data bus 
during data time. 

When LD TDR REGISTER H returns to the negated state, the trailing 
edge triggers a 100 ns one-shot. The output of the one-shot clears the 
transmitter ready flip-flop. It also disables the gate controlling the 
input to the 350 ns one-shot. The 350 ns one-shot is inhibited in order 
to allow the UART sufficient time to drop its transmitter-buffer-empty 
flag before the circuit starts another scan cycle. 

When the program is finished sending a message, it clears the line- 
enable bit in the TCR. This occurs after enable-bit-TMBT signals have 
already been latched in and TRANSMITTER READY H has not assert¬ 
ed It is therefore necessary to prevent the scanner from locking up on 
a line for which there is no data. This is accomplished by clearing the 
transmitter-ready flip-flop if it is set for a line which is no longer en¬ 
abled. The states of the line-enable bits from the TCR are applied to a 
multiplexer. The bit corresponding to the line addressed by the priori¬ 
ty encoder is passed to a pulse-forming circuit. If the bit is in the clear 
state a 50 ns pulse is formed. This pulse clears the transmitter-ready 
flip-flop, thereby negating TRANSMITTER READY H and allowing the 
350 ns one-shot to fire for the next transmitter scan cycle. 


Maintenance Mode 

The DZV11 can be switched to receive the data that it is transmitting. 
The four serial data lines leaving the UARTs are applied to both a data 
selector and the EIA transmitter. The data selector controls the "^puts 
to the UART receivers. During normal operation, data from the EIA 
receivers is routed through the data selector to the UART receivers. In 
the maintenance mode, the data selector ignores the inputs from the 
EIA receivers. Instead, it routes the output data to the UART receivers. 
This internal “wrap around” feature is enabled by 'J® "I"®'"'®' 

nance bit in the CSR. Setting CSR bit 3 asserts MAINTENANCE H, 
which switches the data selector. 
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Power Supplies 

Each <.( the two Charge p„,„ps „ses the (olipwipg cphchte: 

Mverson^nZ""'"^ *' “‘’‘’'“™“"'>' “» EHi switchea a pair o. 
Th. outputs of the Oriuers are capacitrvely coupled to a rectifier 

caSr ®°'"® “» > E''»'9h Oh a 

age. 2®ner-regulated back to the required negative volt- 


2 . 

3. 

4. 


CONFIGURATION 

General 

The software control of the D2V11 is performed by six device reois 

ed bv thf ®'’® assigned addresses and can be read or load- 

messes be wZTh requires that the device ai 

oresses De within the range of 760000 to KA-rnc-, ^ . 

u.ih»s tho tloatlug .ddrals .pacorrt7.77hr^ 

764000. The control and status register (CSR) is assigned thTbasIc 

m figure 2. The correlation between the bit assignments and the 
switches IS detailed in Figure 3. The remaining register addresses 2 
sequentially follow the basic address as shown In T^ble ; a basic 
address is preset at the factory; if the user requires a different ad 
his^tl'Jt^® switches allow him to change the addresses to comply with 

u ed^DiG T^Ar*®?'’* Programmable and IVLe 

used with DIGIT^AL software, provided that the address is within 300 to 

777. The switches of E2 on the module (Figure 1) allow the u^r to 
select an interrupt vector to function within his system. The correlation 
between the bit assignments and the switches is detailed in Figure 4. 
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Figure 2 M7957 Module 


DEVICE ADDRESS | 

FORMAT 

(BANK 7 

FACTORY SELECTED) 

CONFIGURATION 
CSR 160010 
1 = SWITCH ON 
0 = SWITCH OFF 


5 15 14 13 12 

11 

10 

9 

8 

7 6 

5 

4 3 2 1 u 

1 ’ 1 ’ 1 ’ h’i] 

h" 

o 

< 

A9 

A8 

A7 1 A6 

A5 

A4 1 A3 1 X 1 X 1 X 1 


I I i 1 ! ! ! ! 1 


SWITCHES E30 


Figure 3 DZV11 CSR Address Bits 
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Table 1 DZV11 Register Address Assignments 


Register 


Read/ 

Mnemonic Address* Write 


Control and Status 

Receiver Buffer 
Line Parameter 
Transmitter Control 
Modem Status 
Transmit Data 


CSR 

76XXX0 

R/W 

RBUF 

76XXX2 

R 

LPR 

76XXX2 

W 

TCR 

76XXX4 

R/W 

MSR 

76XXX6 

R 

TDR 

76XXX6 

W 


XXX Selected in accordance with floating device address scheme Dual- 

purpose register. 


BITS 15 14 13 12 

11 

10 

987 654301 n 

VECTOR ADDRESS 1 n I r> 1 « 1 « 
FORMAT 1 ° 1 ° 1 0 1 0 

0 

0 

0 

V8 

V7 

V6 

V5 

V4 

V3 

1 o 

o 

o 







FACTORY 

CONFIGURATION 

=300 

1 = SWITCH ON 

2 = SWITCH OFF 


- ' ' u U U 

! 1 1 I 1 I 


Figure 4 DZV11 Vector Bits 


Jumpers 

eight jumpers (W1-W8) used for modem 
control. Jumpers W1 and W4 connect data terminal ready (DTR) to 
request to send (RTS). This allows the DZV11 to assert both DTR and 
RTS when using a modem that requires the control of RTS. These 
jumpers must be installed to run the external cable and test diagnostic 
programs. Jumpers W5 through W8 connect the forced-busy leads to 

jumpers are installed, the as¬ 
sertion of an RTS signal places an ON or busy signal on the corres¬ 
ponding forced busy lead. Forced busy jumpers W5-W8 are normally 
rernoved unless they are required for the modem. These moder^ con¬ 
trol jumpers are listed in Tabie 2. 
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Table 2 Modem Control Jumper Configuration 


Jumper 

Connection 

Line 

W1 

DTR to RTS 

3 

W2 

DTR to RTS 

2 

W3 

DTR to RTS 

1 

W4 

DTR to RTS 

0 

W5 

RTS to FB 

3 

W6 

RTS to FB 

2 

W7 

RTS to FB 

1 

W8 

RTS to FB 

0 


Bus Sionals - Jumpers W10 and W11 must remain installed when 
fhe module is used in^a backplane that supplies bus signals to C and D 
connectors such as the H9270. When the module « backplan^ a 
uses the C-D interconnect scheme (such as the H92 ), 

W10andW11 must be removed. 

Toetinn — Jumoers W9 and W12 through W16 are removed for 
manufLuring test purposes only. These jumpers should not be re- 
moved by the user. 

R<>aisters - All software control of the DZV11 is performed by 
six device registers. Each register is assigned ^ '^^^in a 

be read or loaded. The following paragraphs f ^its 

reoister and their specific function to the operation of the DZV11^ Bits 
tSme SsignLd as “not used” and “write-only” are always read as 
0 aL attempts to load these bits will have no effect on the operation. 

Control and Status Register - The control and 
is a bvte- and word-addressable register. All bits in the ^SR 
cleare^by an occurrence of BINIT or by setting device master clear 
(CSR 4). The format is shown in Figure 5 and the bit assignme 
listed in Table 3. 


370 








DZV11 



Figures CSR Bit Assignments 


Table 3 CSR Bit Assignments 

Bit: 0-2 Name: Not Used 
Description: 

3 Name: Maintenance 

Description: This bit, when set, loops all the transmitter’s serial out¬ 
put leads to the corresponding receiver’s serial input leads on a TTL 
basis. While operating in maintenance mode, the EIA received data 
leads are disabled. Normal operating mode is assumed when this bit 
is cleared. This bit is a read/write bit. 

Bit: 4 Name: Master Clear 

Description: When written to a one, generates "initialize ” within the 
DZV11. A readback of the CSR with this bit set indicates initialize in 
progress within the device. This bit is self-clearing. All registers, silos, 
and UARTs are cleared with the following exceptions: 

1. Only bit 15 of the receiver buffer register (valid data) is cleared- 
the remaining bits 0 through 14 are not. 

2. The high byte of the transmitter control register is not cleared by 
master clear. 

3. The modem status register is not cleared by master clear. 


Bit: 5 Name: Master Scan Enable 

Description: This read/write bit must be set to permit the receiver 
and transmitter control sections to begin scanning. When cleared 
Transmitter Ready (CSR bit 15) will be inhibited from setting and the 
received character buffers (silos) will be cleared. 

Bit: 6 Name: Receiver Interrupt Enable 

Description: This bit, when set, permits the setting of CSR bits 7 and 

13 to generate a receiver interrupt request. This bit is a read/write bit. 

Bit: 7 Name: Receiver Done 

Description: This is a read-only bit that will set when a character 
appears at the output of the FIFO buffer. To operate in interrupt per 
character mode, CSR bit 6 must be set and CSR bit 12 must be 
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cleared With CSR bits 6 and 12 cieared, character flag mode would be 
rSa Recover done »,l clear when me reiver 
(RBUF) is read or when Master Scan Enabie (CSR bit 5) is cleared it 
She FIFO buffer contains an additional character, the receiver done 
fiLg will stay cleared a minimum of 1 *ts before presenting that charac¬ 
ter. 

Bit- 8-9 Name: Transmitter Line Number 

DescriDtion- These read-only bits indicate the line number whose 
uansm? buffer requires servicing. These bits are valid only when 
Transmitter Ready (CSR bit 15) is set and wili be cleared when Master 
Scan Enable is cleared. Bit 8 is the least significant bit. 

Bit: 10-11 Name: Not used 

Description: 

Bit- 12 Name: Siio Alarm Enabie 

Description: This is a read/write bit; when set, enables 

counter to keep count of the number of characters stored in the FIFO 

buffer. The counter will be cleared when the Silo Alarm E"®^® ^ 

cleared. Conditioning of this bit must occur prior to any character 

reception. 

Rit* Name: Silo Alarm 

description: This is a read-only bit set by the hardware after 16 char¬ 

acters have been entered into the FIFO buffer. Silo Alarm wiH be held 
cleared when Silo Alarm Enable (CSR bit 12) is cieared. This bit w I be 
reset by a read to the receiver buffer register and wili not se until 16 
additioLl characters are entered into the buffer. If Receiver Interrupt 
Enable (CSR bit 6) is set, the occurrence of Silo Alarm will generate a 
Sler ime-rupt Recptlon with CSR bit 6 cleared permda 

flag mode operation of the silo alarm bit. 

Bit- 14 Name: Transmitter Interrupt Enable 

Description: This bit must be set for Transmitter Ready to generate 

an interrupt. It is a read/write bit. 

Bit- 15 Name: Transmitter Ready 

Description: This bit is read-only and is set by the J 

wili set when the transmitter clock stops on a line whose transmit 
buffer may be loaded with another character 

TCR bit is set. The transmitter line number, specified in CSR bits 8 and 
9, is oniy vaiid when Transmitter Ready is set. Transmitter Ready wiil 
be cleared by any of the following conditions: 

1. Master Scan Enable cleared 

2. When the associated TCR bit is cleared for the line number point¬ 
ed to in CSR bits 8 and 9 


372 




DZV11 


register (low byte instructions of the transmit data 

SS »■ - » ” 


IdataIovrnI 

|valid|err I 

RO RO 

IframI 

|err I 

RO 

I PAR I 

I err I 

RO 

[not I 

used] 

I not 

I used] 

|r^ 

RO 

Rn 

7 

IrbufI 

|d7 I 

Rn 

6 

I RBUF 

ID6 

5 

I RBUF 

[dTJ 
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I RBUFl 

|D4 I 

3 

I RBUF 

& 

2 

I RBUF 

|d2 I 

1 

Irbuf 

lo. 1 

0 

rbufI 

[oo 


Figure 6 Receiver Buffer Bit Assignments 

Table 4 RBUF Bit Assignments 
Bit: 0-7 Name: Received Character 

f?eTThPi«« character, right-iusti- 

lofshowrl ''® "'■* 0- parity bit is 

f^a^^eived Character Line Number 

rh/rf^ ^ ®®® ®0"tain the line number on which the 

character was received. Bit 8 is the least significant bit. 

Bit: 10-11 Name: Not used 
Description: 

Bit: 12 Name: Parity Error 

Description: This bit is set if the sense of the parity of the received 
aracter does not agree with that designated for that line. 

Bit: 13 Name; Framing Error 

®®* received character did not have a 
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Rif 14 Name: Overrun Error 

Description- This bit is set if the received character was preceded by 
rcha-r“« iha. »as los, due to ttte inabilit, o. the racetva, scannar to 
service the UART receiver hoiding buffer on that line. 

Descrtotion- ^hiTbit wlien^slt indicates that the data presented in 
Sro » vS “ia ttit pormita tho uaa ot a chataotar-haodling 
nr^ram that takes characters from the FIFO buffer until there are no 
more available. This is done by reading this register and checking bit 
15 until the program obtains a word for which bit 15 is zero. 

Line Parameter Register - The line parameter 
trols the operating parameters associated with each line in the DZV1 . 
Thl LPR ira vIord addressable, write-only register. The line parje- 
ters for all lines must be reloaded following an occurrence of ^ther 
Si or" mastor clear. Table 5 lists bit asslgoments and tbe 

format is shown in Figure 7. 


1-3 19 11 10 9 8_7_6 —5 

4 

3 

2 

1 n 

1 

I — m 

0 

ID 

Inot 

USED 

Inot I 

USED 

1 NOT 1 

USED 

RX 1 

[ENAB 

IspeedIspeedIspeedispeed 

|ode1code]cooe1cooe| 

1 oddI 

s 

PAR 

1 ENAB 

STOP 

[code 

IcharI 

Ichar] 

NOT 

|used| 

LINE 

1® 1 

LINE 1 

LLJ 

WO 



1 J 

WO 

wo wo wo wo 

wo 

WO 

WO 

wo 

wo 


WO 

MR 1165 


Figure 7 


Line Parameter Register Bit Assignments 

Table 5 LPR Bit Assignments 


Hit- 0-1 Name: Parameter Line Number 

De'scription- These bits specify the line number for which the pararn- 
eteSmation (bits 3 through 12) is to apply. Bit 0 is the least signifi- 

cant bit. 

This bit must always be written as a 0 when specifying the parameter 
Ine n“ ^ this bit as a 1 will extend the P-am^ 
number field into nonexistent lines. Parameters for lines 0 through 3 
will not be affected. 


Bit: 2 Name: 

Description: 

Bit: 3-4 Name: 


Not used 
Character Length 
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Description: These bits are set to receive and transmit characters of 
the length (excluding parity) shown below. 

4 o 


0 

0 

1 

1 


0 

1 

0 

1 


5- blt 

6- blt 

7- bit 

8- blt 


Bit: 5 Name: Stop Code 

Description: This bit sets the stop code length (0 = l-unit stoo l - 

2-u™istop,or1.5-unitstopif.6-bitcharact.rfeu8ea). 

Bit: 6 Name: Parity Enable 

Description: If this bit is set, characters transmitted on the line have 
Bit: 7 Name: Odd Parity 

JpnafrT?"' ® characters of odd parity are 

generated on the line and incoming characters are expected to have 

Odd parity If this bit is not set but bit 6 is set, characters o5 even pariw 
are generated on the line and incoming characters are expect^ to 
have even parity. If bit 6 is not set, the setting of this bit is immatS 
Bit: 8-11 Name: Speed Code 

determines the operating speed 
for the transmitter and receiver of the selected line. 


0 

0 


10 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 


9 


Baud Rate 

50 
75 
110 
134.5 
150 
300 
600 
1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 
Invalid 
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Bit: 12 Name: Receiver Enable 

Description: This bit must be set before the UART receiver ' 09 'c ca 
assemble characters from the serial input line. This bit vrill be cleared 
following a BINIT or device master clear. 

Bit: 13-15 Name: Not used 

Description: 

Transmitter Control Register - The transmitter c^^rol register 
(TCR) is a byte- and word-addressable register. The low byte of the 
TCR contains the transmitter control bits which must be set to initiate 
transmission on a line. Each TCR bit position corresponds to a hne 
number. For example, TCR bit 0 corresponds to line 0, bit 1 ^ 
etc. Setting a TCR bit causes the transmitter scanner clock ^ stop 
the UART for this line has a transmit buffer empty condition. An inter¬ 
rupt will then be generated if transmitter interrupt enable is set The 
scanner clock will restart when either the transmit data register is 
loaded with a character or the TCR bit is cleared for the line on wh^h 
the clock has stopped. TCR bits must only be cleared when the scan¬ 
ner is not running. The format is shown in Figure 8. 


15 

Inot 
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Inot 
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NOT 1 

used 

not 1 

1 USED 

1 NOT 1 

1 used| 

NOT 1 
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1 line”! 

\Ti 

RW 

1 line”! 

ENAB 

li_j 

RW 

1 LINE 
ENAB 

1 1 

RW 

LINE 

ENAB 

0 

RW 


Figure 8 Transmitter Control Register Bit Assignments 

The TCR bits are represented in bits 0 through 3. These bits are 
read/write and cleared by BINIT or device master clear. Bits 4 through 

7 are unused and read as zero. 

The high byte of the TCR contains the writable modem control lead. 
Data Terminal Ready (DTR). Bit designations are as follows. 

Bit Name 

8 DTR Line 0 

9 DTR Line 1 

10 DTR Line 2 

1 DTR Line 3 

12-15 Unused. Read as zero 

Assertion of a data terminal ready bit puts an ON condition on the 
appropriate modem circuit for that line. Data terminal bits are 
read/write and cleared only by BINIT. Jumpers have been provided to 
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allow the request to send circuits to be asserted with 
ready assertions. 


data terminal 


Modem Status Register — The modem status register (MSR) is a 16- 
bit read-oniy register. A read to this register resuits in the status of the 
readabie modem controi leads, ring and carrier. The ON condition of a 
modem control lead is interpreted as a iogical 1. Bits 4 through 7 and 
12 through 15 are unused and read as a zero. Remaining bit designa¬ 
tions are shown in Figure 9 and expiained below. 


NOT NOT I NOT | NOT 

USEDj used} used) USEdI 3 


NOT 

USED 


NOT 

USED 


NOT not 
USED USED 3 


RO RO RO RO 


Figure 9 Modem Status Register Bit Assignments 


Bit 

Name 

0 

Ring Line 0 

1 

Ring Line 1 

2 

Ring Line 2 

3 

Ring Line 3 

4-7 

Unused. Read as zero. 

8 

Carrier Line 0 

9 

Carrier Line 1 

10 

Carrier Line 2 

11 

Carrier Line 3 

12-15 

Unused. Read as zero. 


Register — The transmit data register (TDR) is a byte- 
and word-addressabie. write-only register. Characters for transmis- 
sion are loaded into the low byte. TDR bit 0 is the ieast significant bit 

Transmitter Ready 

ffrtLw t J*]® character that is loaded into this register is 

directed to the line defined in CSR bits 8 and 9. The high byte of the 
transmit data register is designated as the break control register. The 
bit designations are shown In Figure 10. 
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Figure 10 Transmit Data Register Bit Assignments 
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Each of the four multiplexer lines has a corresponding break bit for 
that line. TDR bit 8 represents the break bit for line 0, TDR bit 9 for iine 
1 etc. TDR bits 12 through 15 are unused. Setting a break bit wili force 
that line’s output to space. This condition wiil remain until cleared by 
the program. This register is cieared by BiNIT or device master clear. 
The break control register can be used regardiess of the state of the 
device maintenance bit (CSR bit 3). 

PROGRAMMING ^ , 

The DZV11 has severai programming features that ailow control of 
baud rate, character length, stop bits, parity, and interrupts This sec¬ 
tion discusses the application of these controls to achieve the desired 
Operating parameters. 

Baud Rate . . 

Seiection of the desired transmission and reception speed is con¬ 
trolled by the conditions of bits 8-11 of the LPR. The baud rate for each 
line is the same for both the transmitter and receiver. The receiver 
clock is turned on and off by setting and clearing bit 12 in the LPR for 
the selected line. 


Character Length 

The selection of one of the four availabie character lengths is con¬ 
trolled by bits 3 and 4 of the LPR. The bit conditions for bi s 4 and 3 
respectiveiy, are as foliov/s; 00 (5-ievel), 01 (6-ievel), 10 (7-levei). and 
11 (8-ievei). For character lengths of 5, 6, and 7, the high-order bits of 
the received character are forced to zero. 


The length of the stop bits in a seriai character is determined by bits 5 
of the LPR. If bit 5 is a zero, the stop length is one unit; bit 5 set to a one 
seiects a 2-unit stop unless the 5-level character length (bits 3 and 4 at 
zero) is seiected, in which case the stop bit length is 1.5 units. 


^h^Jarity option is seiected by bit 6 of the LPR. Parity is enabied on 
transmission and reception by setting bit 6 to a one. Bit 7 of LPR 
allows selection of even or odd parity, and bit 6 must be set for bit 7 to 
be significant. The parity bit is generated and checked by hardwye 
and does not appear in the RBUF or TBUF. The parity error (bit 12, 
RBUF) flag is set when the received character has a parity error. 


378 










DZV11 


Interrupts 

The Receiver Interrupt Enable (RIE) and Silo Alarm Enable (SAE) bits 
m the CSR control the circumstances upon which the DZV11 receiver 
interrupts the processor. 

If RIE and SAE are both clear, the DZV11 receiver will not interrupt the 
processor. In thts case, the program must periodcally check for the 
availability of data in the silo and empty the silo when data is present If 
the program operates off a clock, it should check for characters in the 
silo at least as often as the time it takes for the silo to fill, allowing a 
safety factor to cover processor response delays and time to empty 
the silo. The RDONE bit in the CSR will set when a character is avail- 
Program can periodically check this bit with a 
TSTB or BIT instruction. When RDONE is set, the program should 
empty the Silo. 

Ih^ nJuff ^ interrupt the processor to 

the DZV11 receiver vector address when RDONE is set, indicating the 

presence of a character at the bottom of the silo. The interrupt service 
character by performing a MOV instruction 
trom the RBUF. If the program then dismisses the interrupt, the DZV11 
will interrupt when another character is available (which may be 
immediately is additional characters were placed in the silo while the 
interrupt was being serviced.) Alternatively, the interrupt service rou- 
ine may respond to the interrupt by emptying the silo before dismiss¬ 
ing the interrupt. 

^ processor to 

! ^f''^J/®ceiver vector when the Silo Alarm (SA) bit in the CSR is 
set. The SA bit will be set when 16 characters have been placed in the 
SI o since the last time the program has accessed the RBUF Access¬ 
ing the RBUF will clear the SA bit and the associated counter The 
program should follow the procedure described to empty the silo 
completely in response to a silo alarm interrupt. This will ensure that 
any characters placed in the silo while it is being emptied are proc¬ 
essed by the program. ^ 

NOTE 

If the program processes only 16 entries in response 
to each silo alarm interrupt, characters coming in 
while interrupts are being processed will build up 
without being counted by the silo alarm circuit and 
the silo may eventually overflow without the alarm 
being issued. 
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If the silo alarm interrupt is used, the program will not be interrupted if 
fewer than 16 characters are received. In order to respond to short 
messages during periods of moderate activity, the program should 
periodically empty the silo. The scanning period will depend on the 
required responsiveness to received characters. While the program is 
emptying the silo, it should ensure that DZV11 receiver interrupts are 
inhibited. This should be done by raising the LSI-11 processor priority. 
The silo alarm interrupt feature can significantly reduce the processor 
overhead required by the DZVT1 receiver by eliminating the need to 
enter and exit an interrupt service routine each time a character is 
received. 

The Transmitter Interrupt Enable (TIE) bit controls transmitter inter¬ 
rupts to the processor. If enabled, the DZV11 will interrupt the proces¬ 
sor at the DZV11 transmitter interrupt vector when the transmitter 
ready (TRDY) bit in the CSR is set, indicating that the DZV11 is ready 
to accept a character to be transmitted. 


The program can empty the silo by repeatedly performing MOV in¬ 
structions from the RBUF to temporary storage. Each MOV instruction 
will copy the bottom character in the silo so it will not be lost and will 
clear out the bottom of the silo, allowing the next character to move 
down for access by a subsequent MOV instruction. The P'-og^m can 
determine when it has emptied the silo by testing the DATA VALID bit 
in each word moved out of the RBUF. A zero value indicates that the 
silo has been emptied. The test can be performed conveniently by 
branching on the condition code following each MOV instruction. The 
TST or BIT instruction must not access the RBUF because these 
instructions will cause the next entry in the silo to move down without 
saving the current bottom character. Furthermore, following a MOV 
from the RBUF, the next character in the silo will not be available for at 
least one mS. Therefore, on fast CPUs, the program must use sufficient 
instructions or NOPs to ensure that successive MOVs from the RBUF 
are separated by a minimum of one fis. This will prevent a false indica¬ 
tion of an empty silo. 


Transmitting a Character 

The program controls the DZV11 transmitter through four registers on 
the QBUS: the control and status register (CSR), the line parameter 
register (LPR), the transmit control register (TCR), and the transmit 
data register (TDR). 
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Following DZV111nitialization, the program must use the LPR to speci- 

for each iine to be used and must 
se he Master Scan Enabie (MSE) bit in the CSR. The program shouid 

Interrupt Enabie (TIE) bit in the CSR if it wants the 
DZV11 transmitter to operate on a program interrupt basis. 

The TCR is used to enable and disable transmission on each line. One 

olV" 1 *^'^ each line. The program can set 

and clear bits by using MOV, MOVB, BIS, BISB, BIG, and BICB in- 
structions. (If word instructions are used, the iine enable bits and the 
u IH bit are simultaneously accessed.) 

The DZV11 transmitter is controiled by a scanner which is constancy 
ooking for an enabled line (line enabie bit set) which has an empty 
UART transmitter buffer. When the scanner finds such a line, it ioads 
^ transmit line number (TLINE) field 

of the CSR and sets the TRDY bit, interrupting the processor if the TIE 
bit's set. The program can clear the TRDY bit by moving a character 
for the indicated line into the TBUF or by ciearing the line enabie bit 

Clearing the TRDY bit frees the scanner to resume its search for lines 
needing service. 

on an idie iine, the program should set the 
TCR bit for that line and wait for the scanner to request service on the 
'"f'0®*®^ f’y ‘f’o scanner ioading the number of the line into 
TLINE and setting TRDY. The program should then load the character 
to be transmitted into the TBUF by using a MOVB instruction If inter- 
Cifo® *°‘’® ® convenient way of starting up a line is to set the 

TCR bit in the mam program and let the normal transmitter interrupt 
routine load the character into the TBUF. 

NOTE 

The scanner may find a different line needing service 
before it finds the line being started up. This will 
occur If other lines request service before the 
scanner can find the line being started. The program 
must always check the TLINE field of the CSR when 
responding to TRDY to ensure It loads characters for 
the correct line. Assuming the program services 
lines are requested by the scanner, the scanner will 
eventually find the line being started. If several lines 
require service, the scanner will request service In 
priority order as determined by line number. Line 3 
has the highest priority and line 0 the lowest. 
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To continue transmission on a line, the program shouid ioad the next 
character to be transmitted into the TBUF each time the scanner re¬ 
quests service for the iine as indicated by TLINE and TRDY. 

To terminate transmission on a line, the program ioads the iast char¬ 
acter normaily and waits for the scanner to request an additional char¬ 
acter for the line. The program clears the Line Enabie bit at this time 
instead of loading the TBUF. 

The normal rest condition of the transmitted data lead of any line is the 
1 state. The break bits are used to apply a continuous 0 signal to the 
line. One bit in the TDR is associated with each iine. The line wili 
remain in this condition as long as the bit remains set. The program 
should use a MOVB instruction to access the BRK bits. If the program 
continues to ioad characters for a line after setting the break bit, trans¬ 
mitter operation wiii appear normai to the program despite the fact 
that no characters can be transmitted while the line is in the 
continuous 0 sending state. The program may use this facility for 
sending preciseiy timed 0 signais by setting the break bit and using 
Transmit Ready interrupts as a timer. 

It should be remembered that each line in the DZV11 is double buff¬ 
ered. The program must not set the BRK bit too soon or the two data 
characters preceding the break may not be transmitted. The program 
must aiso ensure that the line returns to the 1 state at the end of the 0 
sending period before transmitting any additional data characters. 
The following procedure wiil accomplish this. When the scanner re¬ 
quests service the first time after the program has ioaded the iast data 
character, the program should load an all-zero character. When the 
scanner requests service the second time, the program should set the 
BRK bit for the iine. At the end of the zero sending period, the program 
should load an all-zero character to be transmitted. When the scanner 
requests service, indicating this character has begun transmission, 
the program shouid ciear the BRK bit and ioad the next data charac¬ 
ter. 

Data Set Control . j. » 

The program may sense the state of the carrier and ring indicator 
signals for each data set and may control the state of the data terminal 
ready signal to each data set. The program uses two registers to 
access the DZV11 data set controi iogic. There are no hardware inter¬ 
locks between the data set control logic and the receiver and 
transmitter logic. Any required coordination should be done under 
program control. 
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Sinn ‘" "TCR are read/write bits. 

Setttng or clearing a bit in this register will turn the appropriate DTR 

signal on or off. The program may access this registe^wSh word or 
byte instructions. (If word instructions are used, the DTR and line 

hv fMiT'^'" ®''^^'*3"®ously accessed.) The DTR bits are cleared 
by the INIT signal on the QBUS but are not cleared if the proaram 
clears the DZV11 by setting the CLR bit of the CSR. 

The carrier (CO) and ring (Rl) bits in the MSR are read-only bits The 
program can determine the current state of the carrier signal for a line 
by examining the appropriate bit in the MSR. It can determine the 

rino^pn f*® ?K ‘fie appropriate bit of the 

ring renter. The program can examine these registers separately by 

using MOVB or BITB instructions or can examine them as a single 16- 
bit register by using MOV or BIT instructions. The DZV11 data set 
control logic does not interrupt the processor when a carrier or ring 
signal changes state. The program should periodically sample these 

registers to determine the current status. Sampling at a high rate is not 
n©c©ss3ry. 

Device Address Assignments 

The device address assigned to the DZV11 resides in the floating 
address space according to appendix A. This address space ranges 
rom OlOj to 163776g. Each DZV11 requires increments of 10, ad¬ 
dress locations and the first option should be configured with an ad¬ 
dress of 160010,. The initiai configured address assumes that the 
system consists of only DZVIls in the floating address field. If the 
,h configured in the floating address field, assign 

,onc h!* establishes a gap of 10, address ioca- 

tions between the last DUV11 and the first DZV11. For example: If the 
system consisted of one DUV11 located at 160010,, the DZV11 should 
be configured with an address of 160030,. 

Interrupt Vector Address Assignments 

The DZV11 device vector address is selected from the floating vector 
space according to appendix A. This space ranges from address 300, 

0 address 776,. Each DZV11 requires increments of 10, address loca¬ 
tions for Its two contiguous interrupt vectors. If the DZV11 Is the only 
option in the floating vector area, configure it for a vector of 300. If 
there are options other than the DZV11 residing in the floating vector 
area, other configuration rules must be applied. When configuring the 
device vector, oniy the first vector address must be considered. The 
first v©ctor, or bas© v©ctor, must start on a z©ro boundary. 
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A zero boundary is one which has the three least significant bits equal 
to zero. The second vector is controlled by the first vector and data bit 
2. Data bit 2 is generated by the M7957 hardware. 

Any option ahead of DZV11 in the floating vector space which is not in 
the configuration should not occupy any vector space gaP- Fo/ 
example, if only one DZV11 is in the system, the vector for the DZV11 

should be 300. 

Each DZV11 requires two interrupt vectors, one for the transmitter 
section and one for the receiver section. If simultaneous interrupt re¬ 
quests were generated from each section, the receiver section would 
have priority in placing its vector onto the LSI-11 bus. A receiver inter¬ 
rupt to address XXO will be generated from having either a Receiver 
Done (GSR 7) or Silo Alarm (GSR 13) occurrence. A transmitter inter¬ 
rupt to address XX4 will be generated by Transmitter Ready (GSR 15). 
Additionai prerequisites for generating interrupts are that the individu¬ 
al interrupt enabie bits (GSR 6 and GSR 14) be set. The recommended 
method of clearing interrupt enable bits is first to raise the processor 
status word to levei 4, next to clear these interrupt enable bits, and 
then to lower the Processor Status Word to zero. Using this method 
prevents false interrupts from being generated. 
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H780 POWER SUPPLY 


GENERAL 

tnnc^ TK° available for use in system applica- 

Sn vir ® models provide for a choice of input voitage (115 Vac or 
230 Vac, nominal), and master console, slave console, or no console. 

All models are used tor supplying dc operating voitages to an LSi-11 
bus backplane. In addition, each model generates a proper power- 
up/power-down sequence of BDCOK H and BPOK H LSI-11 bus sio- 
nals. Master console-equipped and slave console-equipped models 
can be interconnected to allow control of both supplies from the mas- 


FEATURES 

• ^ (maximum) and +12V ±3%, 3.5 A (maximum); 
combined dc power must not exceed 110 W. 

• Overcurrent/short-circuit protection—Output voltages return to 
normal after removal of overload or short. Current limited to ap¬ 
proximately 1.2 times the required maximum rating 

limited to +6.3V (approximately); 
-f12V limited to -I-15V (approximately). 

• Line-time ciock—A bus-compatible signal is generated by the 
power supply for the event (line-time clock) interrupt input to the 
processor. This signal is either 50 or 60 Hz, depending on primary 
power line frequency input to the power supply. 

• Power-fail/automatic restart-Fault detection and status circuits 

^ voltages and generate bus-compatible BPOK H 

and BDCOK H signals (respectively) to inform the LSI-11 bus mod- 
ules of power supply status. 

• Fans-Built-in fans provide cooling for the power supply and mod¬ 
ules contained in the system backpiane. 


SPECIFICATIONS 

Input voltage (Continuously—see Note 1) 
100-127 Vac (H780-C, -H, -K) 

200-254 Vac (H780-D, -J, -L) 

Temporary Line Dips Allowed 
100% of voltage, 20 msec max 
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AC Inrush Current 
70 A at 127V, 60 Hz (8.33 msec) 
25 A at 254V. 50 Hz (10 msec) 


Input Power (fans included) 

340 W at full load max 
290 W at full load typical 

EMI (Emission and Susceptibility) 

Per DEC STD 102.7 and VDE N-12 Limits 

Input Protection 

H780-C, -H, -K (100-127 Vac) fast blow, 5 A fuse 
H780-D, -J, -L (200-254 Vac) fast blow, 2.5 A fuse 

Hi-Pot 

2 kV for 60 seconds from input to output, or input to chassis 
Output Power (combinations not to exceed 110 W) 

-t-5V, 1.5A-18 A 
-I-12V, 0.25 A-3.5A 


under Fault Conditions 


Maximum DC Current 
-1-5V bus = 28 A 
+ 12V bus = 9.5 A 
-(-5V Output 
Total Regulation 
Line Regulation 
Load Regulation 
Stability 
Thermal Drift 
Ripple 

Dynamic Load Regulation 


Noise 

Interaction due to + 12V 

+ 12V Output 
Total Regulation 
Line Regulation 
Load Regulation 
Stability 


5V ±3% 

±0.5% 

± 1 . 0 % 

0 . 1%/1000 hours 
0.025%/°C (See Note 2) 

150 mV p-p (1 % for f <3 kHz) 

± 1 . 2 % 

di/dt = 0.5 AjttS 
delta I = 5 A 

1 % peak at f > 100 kHz (noise 
is super-imposed on ripple) 
±0.05% 

12V ±3% 

±0.25% 

±0.5% 

0.1%/1000 hours 
(See Thermal Drift Note 2) 
0.025%/''C above 25°C 
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Dynamic Load Regulation 


H780 


350 mVp-p (1% forf <3 kHz) 
± 0 . 8 % 

di/dt = 0.5 A fisec 
f<500 Hz 
delta I = 3 A 

1 % peak at f > 100 kHz (noise 
is super-imposed on ripple) 
± 0 . 02 % 

Overvoltage Protection 
±5V 


±12V 


Adjustments 
±5V Output 

±12\/ Output 

Controls 
Rear Panel 
Front Console 

(Master only) 
Console Indicators 


Backplane Signals 
BPOKH 
BDCOK H 

BEVNTL Transmitted 

BHALT L 

SHRUN L Received (Master only) 

Mechanical 

Cooling 

Tw/o self-contained fans provide 0.7140 mVmin (30 ftVmin) air flow. 


6.3V nominal 
5.65V min 
6.8V max 

15V nominal 
13.6V min 
16.5 V max 

4.05V-6.8V 

Guarantee Range 4.55-5.65V 
10.6V-16.5V 

Guarantee range 11.7-13.6V 

AC ON/OFF switch 
DC ON/OFF switch 
halt/enable switch 
LC ON/OFF switch 

DC ON 

RUN (Master) 

SPARE (Master only) 


Noise 

Interaction due to -f-5V 
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Size 

13.97 cm w X 8.43 cm h X 37.15 cm I 
( 5 - 1 /2 in w X 3-1/3 in h X 14-5/8 in I) 

Weight 
5.90 kg (13 lb) 


Environmental 

Temperature 

Ambient 

Storage 


5 ° to 50° C (41 “to 122“ F) 

-40“ to +70“ C (-40“ to +158“ F) 


Humidity 

90% maximum without condensation 


NOTES 

1 Operation from ac lines below 100V may cause the power supply 
to overheat because of decreased air flow from the cooling fans. 

2 These parameters apply after 5 minutes of warmup and are mea¬ 
sured with an averaging meter at the processor backpiane termi¬ 
nal block under system loading. 

description 

SirH780 power supply options are available for use in LSI-I I bus 
systems. Individuai model numbers determine combinations of 115 or 
230 Vac (nominal) primary power and selection of master console, 
slave console, or no console. Models are listed below. 

1^730 Consol© 

Model No. Input Power Description Figure 

H780-C 115V None 1 

H780-D 230V None 1 

H780-H 115V Master 2 

H780-J 230V Master 2 

H780-K 115V Slave 3 

H780-L 230V Slave 3 

The H780 master console contains RUN ^nd DC ON indicators for 

monitoring the processor states, as weil as DC ON/DC OFF, L 

ON/OFF and ENABLE/HALT switches for controlling the processor. 

The siave consoie contains only a DC ON indicator for monitoring the 

status of the slave power supply. 
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In addition to producing dc operating voltages (+5V 18 A and +12V 

H9270 backniflno =.lo/^ ^ ^ ® ^'“O, and, when mounted to an 

mounted in the backolanr^Sl system modules 



Figure 1 H780-C and -D Power Supplies 



811S-3 

Figure 2 H780-H and -J Power Suppiies 
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8173-2 


Figure 3 H780-K and -L Power Supplies 


Figure 4 is a block diagram of the H780 power suppiy. AC line voltage 
is applied to the two cooling fans and to the power transformer, e 
transformer has dual primary windings to meet U.S. and European 
power requirements. A single secondary winding generates a 
stepped-down ac voltage which is rectified and filtered to produce 26 
Vdc (nominal) unregulated. The unregulated 26 Vdc is applied to two 
Iterrnal regulators which produce -15V and +5y for tjie H780 in- 
ternai circuits. Unreguiated 26 Vdc is aiso applied to +5V and +12V 
high-frequency, high-efficiency switching regulators. The outputs of 
the +5V and +12V switching reguiators supply operating power to the 
backplane. Each switching regulator circuit is designed for good ^e- 
quency stability, high noise rejection levels, and excellerit load a d 
line regulation. An L-C output filter and a fast-recovery diode are used 
in each switching regulator circuit. The +5V switching regulator oper¬ 
ates at a frequency from 7 kHz to 12 kHz, while the 4-12V switching 
regulator operates from 8 kHz to 14 kHz. Both switching regulator 
circuits are protected from overvoltage, overcurrent, and short-circuit 
outputs. In addition, failsafe short-circuit startup is provided, aiong 
with protection against a short between the -t-5V and -t-12y outputs. 
Logic signal generation circuits within the H780 provide for proper 
power sequencing of the processor, as well as the generation of the 
line-time clock (BEVNT L) and power supply status signals_H780-H 
and -J options are supplied with a console which contains RUN and 
DC ON indicators for monitoring the processor and power suppy 


390 




H780 


States, as well as DC ON/DC OFF, LTC ON/OFF. and ENABLE/HALT 
switches for controlling the system The H780 K and i nnt* 
oon^le »h,oh contains onl/a Dc'O n' nTcaior^^^T T^D op- 
tions have no console panel. 



LOCAL OC POWER 


OVERLOAD 

ANO 

SHORT-CKT 

PROTECTION 


OVERVOLTAGE 

(CROWBAR) 

CKT 


—0 BDCOK H 

-s BPOK H 


LOGIC 

signal I 1 

GENERATION 1 B | BEVNT L 


-m BHALT L 
HJ SRUN L 


OVERVOLTAGE 
(CROWBAR) 
_CKT 


Figure 4 H780 Power Supply Block Diagram 


Unregulated Voltage and Local Power Circuits-Unreaulated 
VO tage and local power circuits provide operating dc power for power 

reai5litn°^*^ circuits, and dc power for the +5V and +12V 

eguiator circuits. These circuits are shown in Figure 5 AC power is 
suppiied to the H780 via an ac input piug and cable. A toggle switch 
ounted on the rear of the H780 appiies ac power to the power sup- 
Snw switch remains in the ON position, blowing ac 

nal t?the H78 S*'p"®'^ controi circuits eLr- 

nal to the H780. Primary circuit overload protection is provided bv a 
fuse mounted on the rear of the H780. ^ 
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Figure 5 Unregulated Voltage and Local DC Power Circuits 


Primary power circuits are factory-wired for 115 Vac (H780-C -K) 

or 230 Vac (H780-D, -J, -L) operation. Power transformer prim y 
«lnS°gran!l Iha two Ians opatata dltacll, from tha switahad ac 

power. 

A sinole center-tapped secondary winding supplies power for regula¬ 
tor circuits and internal circuit operation. Conventional 
fiers and a -15V, 3-terminal regulator 1C provide ^®9^ 
internal distribution. The rectifiers also provide unregulated + 30^ 
UNREG1 for internal distribution and regulator operation. A 3-terminal 
Su'aSr integrated circuit provides 5V H-5 A POwer for H780 ,og.c 
control circuits. The +5V and +12V regulators use the same V UNREG 
voltage for regulation and distribution to the processor modules _AC 
front ons side of the transfornter secondary ,s alao rooted » 
the line-time clock (LTC) circuit, which generates a BEVNT L bus 
signal for a line-time clock processor interrupt. When used with a 60 
Hz line frequency, the interrupt occurs at 16.667 msec intervals, a 5 
Hz line frequency will produce interrupts at 20 msec intervals. 

+5V and +12V Switching Regulator Circuits - Both +5V an^d + 12V 
regulator circuits receive the +V UNREG input power. The +5V and 
+12V regulator circuits are identical except for component value . 
Hence, only the basic +5V regulator is described in detail. 
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malelv 10 kh^ tT ® regulator which operates at approxi- 

whirh on ?■ * element is a 3-terminal regulator 

which operates at approximately the regulated output voltage level 

"S'”' «■ Note th« ,h7grS 
terminal of the 3-terminal regulator is connected to a circuit that allows 
adjustment of the terminal voltage over a -0.7V to -I-1.5V ranae 

Hence, the 3-terminal regulator output in the +5V regulator circuit can 
range from 4.3V to 6.8V (approx). oiur circun can 



CP- 1794 

Figure 6 Basic Regulator Circuit 


t^oiTmLl^ regulator operation is accomplished when the con- 
t^rol transistor IS turned on. Forward-bias for the control transistor is 

conditions (overcur- 

rent or shorted output voltage) or when the input ac line voltage is 

®“PP''®s unregulated voltage to the 3- 
terminal regulator. At less than 50 mA regulator output current (ap- 

Howlver i '•es^lator supplies the output voltlge. 

However, as load current through the 3-terminal regulator is increased 
beyond this value, the voltage drop across R27 and forward-biases the 

the +V UNPEG to L2. The output capacitor then charges toward the 
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+5V value, current limited by the inductance of L2. When th® 
voltaae rises to the 3-terminal regulator regulation voltage, the 3-ter- 
miS regulator turns off; current through R27 stops, and the driver 
t^nsUS is not fori«ard-biased. Hence, the driver and pass sv.i ch 
transistors cut off. The energy stored in L2 continues to charge 
caoacitor bank slightly beyond the designed output voltage via the 
free-^eeimg diode and the current sense resistor. Once the induc¬ 
tor’s stored energy is spent, the ioad discharges the output capacitor 
until the output voltage drops below the 3-terminal regulator sregu 
Son JXe A that point, cutrom through R27 ino,oases and urns on 
he aSfSnd pass s«itoh transistors, and the cyoie repeats. Note that 
. .;S ,„«drs increased the pass switch must remain on longer in 
Srder to charge the output capacitor to the regulated '"’'•a?® 

This process repeats at a 7-12 kHz rate, producing the sv/itching regu- 

lator operation. 

cjwitchina iosses in the pass switch transistor are minimized by the 
snubber^network. This network operates during the “off 
^ansient (as the pass switch is biased-off) by controiling the rate of 
increasing collector to emitter voltage as collector current decreases. 

The control transistor is turned off during a fauit condition by overload 
InrshTrtcircuit protection circuits. When a fault condition is 
detected the control transistor’s base voitage drops to 
causing it to cut off. When cut off, operating voitage is 
the 3-terminal regulator and R27 current is 0, disabling the switching 

regulator circuit. 

Overload and Short-Circuit Protection Circuits - Each ^780 do cut¬ 
out is overioad and short-circuit protected. When in an overload co 

dition, excessive power supply current is f 

ing regulators to go off and then cycle on and off at a low freque y 
rate (aoDroximately 7.5 Hz) until the overload is removed. Each time 
^powe: supply cycles on, the circuit checks 

tion If the load current returns to normal, the 10 kHz switching 
regulator operation resumes. 

Overcurmnt sensing circuits (or +5 and +12 Vdccutputs are IdeutM 

except lor component values. A 5U power supply 

S“msults in an increased voltage drop across the uurren. sense 

resistor (Figure 7), forward-biasing the current ®®"®®5®" ‘ 
ing normal operation, this transistor is not forward-biased.) Cu. 
se^nse transistor coilector (Q8) voltage then drops from "®®'^ 

REG to the +5V regulator output value: this voltage, which is lesstha 
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!nn. T applied to current limit comparator’s inverting 

inpu^ IS diode-coupled to the comparator’s non-inverting input caus- 

OR 1 coupling provides an 

OR iogic function for both the -t-5V and +12V overcurrent fault 

conditions. The comparator’s low output signal triggers the 50 usec 
one-shot, whose OVERCURRENT L pulse output triggers the 135 
msec one-shot and sets the Current Limit flip-flop. The OVERCUR- 

thr75v7nr7l2V®ho?d"®« turning on 

h!n ; ^ transistors. Both switching regulators are 

then disabled. The high 135 msec one-shot output pulse is ANDed 
with the Current Limit fiip-flop output, turning on +5V and +12V ex¬ 
tended hold-off transistors. Hold-off signals remain in this state and 
At the en^TlTh- °P®^®‘*on tor ‘he 135 msec pulse duration, 

delaverhlrt 7^ one-shot resets, terminating the 

fnJ, ? 7 *'■‘99®''® *^® 2 msec one-shot. Its active 

Lne ®'®®rs the 135 msec 

op^rXe for2 m^e^; the regulator pass switch transistors to 

(minimum). At the end of this time, the 135 msec 
one-shot is again enabled (the clear input goes high) and a new over¬ 
current cycle IS enabled. If the overload is removed, normal operation 
resumes, otherwise, the overload causes a new overloa^conSftlon to 
occur and the cycle repeats, as described above. 



Figure 7 Overload and Short-Circuit Protection Circuits 
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Switching regulator operation is suspended when the operator places 
the DC ON/OFF switch in the OFF position. Logic signal generation 
circuits respond by immediately asserting BPOK H low to initiate a 
processor power-fail sequence. After a 5-10 msec “pseudo delay 
POWER OFF L is asserted low. This low signal is wire-ORed with 
OVERCURRENT L, inhibiting the switching regulator operation, and dc 
power is removed from the backplane. 

+ 5 V and +12 V Crowbar Circuits - Crowbar circuits are 
connected across both -t -5 V and +12 V power supply . 

voltage protection. An overvoltage condition could occur if +12 V and 
+ 5 V outputs shorted together, or if a driver or switch transistor be¬ 
comes shorted. When shorted to a higher voltage source, the crowbar 
fires, shorting the supply voltage that is protected to ground (dc return^ 
In this condition, the overload and short-circuit protection circuits 
respond by limiting the duty cycle of the switch transistor until the over¬ 
voltage source is removed. However, when the overvoltage is caused by 
a shorted driver or switch transistor, short-circuit protection is 
ineffective, and the excessive current caused by the co^bar circuit firing 
will blow the regulator's fuse (F1 for + 5 V or F2 for +12 V). 

The crowbar circuit for the +5 V output is shown in Figure 8 It 
comprises a 5.6 zener diode D9. diode D8. programmable unijunction 
tranSstor Q9 and silicon-controlled rectifier Q15_ Q15. R19, D8^ and M 
supply the 6.1 Vdc (approx) crowbar reference (threshold) voltage to the 
gate of Q9 via R21. Q9 is normally off and its cathode supplies a 0 V 
aate input to Q15. An overvoltage will present a significantly higher 
vStage to tie anode of Q9 (connected directly to + 5 V) than to its gate 
(clamped by D8 and D9 to approximately 6.1 V). This triggers Q9 
cathode voltage rises to the anode potential. Q15 then fires and shorts 
(crowbars) the supply output. The circuit remains in this condition untH 
the overvoltage is removed (Q15 current goes to zero) and either the 
power supply switch transistor is off. due to short-circuit protection or 
the regulator s dc fuse opens. Capacitor C7 decouples the gate of Q7 to 
prevent noise on + 5 V from activating the crowbar. 



FIgur© 8 Crowbsr Circuit 
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The +12 V crowbar circuit functions in a similar manner. However the 
unijunction gate reference voltage for this power supply is approximately 

Logic Signal Generation Circuits - Logic signal generation 
hnTt m LSI-11 bus signals for power-normal/power-fail and 

Th^RnM*^ interrupt functions and processor Run-Enable/Halt mode 

SRUN L backplane (nonbused) 
signal and provides an active display when the processor is in the Run 
mode. BPOK H and BDCOK H indicate power status. When both are 
high^ power to the LSI-11 bus is normal and no power-fail condition S 
pen^ng. However, if primary power goes abnormally low (or is removed) 
for more than 16.5 ms, BPOK H goes low and initiates a power^S 

an°aHdr' ‘^oodition continues for Lre than 

an additiona 4 ms, a pseudo delay" circuit causes BDCOK H to go low 

Iihlbd' + B u® short-circuit protection circuit to 

inhibit +5 V and +12 V control transistors; normal output voltages are 

?he loait of ^ 9°®® (depending on 

In Ar T*’® DC ON/OFF switch simulates 

an AC ON/OFF operation by turning switching regulators on or off with¬ 
out turning system primary power off. A normal power-up/power-down 

a"ZcZ ^'’® '‘"®-*''^® cfrcuit produces 
a processor interrupt at the power line frequency (either 50 or 60 Hz) 

The circuit simply asserts the BEVNT L line at the line frequency. 

DC voltage monitor circuits respond to both + 5 V and +12 V oower 

supply outputs. A +2.5 V reference at the voltage comparators non- 

fi25 and'^R-? *by +5 A and a voltage divider comprised of 

anod 9 Voltages are sensed at the 

anodes of diodes D17 and D35. 

The sensed voltage to the voltage comparator's inverting input is nor¬ 
mally 5 V. causing the comparator's output to go low. The low signal 

indicator driver transistor Q10, producing a 
DC ON indiMtion, and reverse-biases the BDCOK H FET bus driver 06 

fhraS*B2cS^Vl-gna? ^"®® *® 


When either (or both) power supply output is 0 V, the voltage at the 
voltage comparators inverting input is less than the +2.5 V reference 
Hence, the comparator's output goes high, turning off the DC ON 
indicator and allowing 06 to conduct 06 asserts the BDCOK H signal 
low. indicating that a dc power-fail condition exists. When normal power 

Wh!n ?h!^r77 power-up sequence, C37 charges via R50. 

7k voltage exceeds the +2.5 V reference, the comparator's 
output then goes low (normal). 
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Figure 9 Logic Signal Generation Circuits 


)COK H is in the 

? 2 “rirand CiTrSduce nominal +3.9 V (peak) normal line voltage 
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pulses which are coupled to the noninverting input of the ac low com¬ 
parator via R48. R8 and R9 produce a +2.5 V reference for the com¬ 
parator s inverting input. The comparator's normal output is a series of 
pulses occurring at twice the ac power line frequency. Each positive¬ 
going leading edge retriggers the 16.5 ms one-shot, keeping it in the set 
state. The 16.5 ms one-shot output is diode-ORed with DCOK L via 
diodes D25 and D23 and PWR OFF H via D24. Normally, the three 
+ w ’ '•emains cut off. In this condition, C4 charges to 

+ 3.125 V via R36 and R38. This signal is then applied to the power OK 
comparator s inverting input via R24. Since the noninverting input is 
referenced to +2.5 V by voltage divider R5 and R6, the comparator's 
output goes low, biasing off FET 05. Q5's source voltage then rises 
tovvard +5 V via R46, producing the active BPOK H signal. Pow'er- 
up/power-down sequence timing is shown in Figure 10 . 



Figure 10 Power-Up/Power-Down Sequence 


A power failure is first detected when the pulsating dc voltage at the ac 
low comparators noninverting input is less than +2.5 V (peak). The 
compyator s output then remains low, allowing the 16.5 ms one-shot to 
go out of the retrigger mode. The one-shot resets 16.5 ms after the 
eading edge of the last valid ac voltage alternation: the 16.5 ms delay is 
equivalent to a full line cycle (two-alternate) failure. The high one-shot 
output IS then coupled via D23 to the base of Q11 , forward-biasing it. 


Q11 conducts and rapidly discharges C4; R36 limits peak discharge 

OLJf Iv^ill, 


The low voltage thus produced is less than the +2.5 V reference at the 
power OK comparator's input, and its output goes high. Q5 then con¬ 
ducts and asserts the BPOK H signal low (power fail). The AC LO H 


399 






























H780 


signal produced by the 16,5 ms one-shot is coupled via 034 to C39 on 
the inverting input of AC OK comparator E5. When C39 ^ voltage rises 
above 2 5 V, the comparator’s output goes low, turning off the DC ON 
indicator, negating BDCOK via the dc voltage monitor circuit, and turn¬ 
ing off the regulator circuits by asserting POWER OFF L via 027. 

When normal power is restored, the 16.5 ms one-shot returns to the 
retrigger (set) mode AC LO H goes low and enables the dc voltage 
monitor and regulator circuits. The low AC LO H signal also removes 
forward bias from the base of Q11. cutting it off. 
then rises as C4 charges at a relatively slow rate. R38 contro s the 
charging rate of C4 and ensures that ac voltage and dc output voltages 
are normal for approximately 100 ms (70 ms minimum) before BPOK H 
goes high. 

The DC ON/OFF switch simulates a power failure when it is placed in 
the OFF position. Cross-coupled inverters provide switch debounce pro¬ 
tect on and a low (false) DC ON H signal is produced. This signal is 
inverted to produce a high PWR OFF H signal that is coupled via 026 to 
the "pseudo delay ” circuit, causing a power-fail sequence to occur, and 
to Oil via R53 and D24, causing BPOK H to 9 ° <POvver-fail 
indication). After a 5-10 ms (approx) ’’pseudo delay. Cl 3 s voltage 
rises above the dc off voltage comparator’s -F2.5 V 
inverting) input. The comparator’s output goes low. asserting POWER 
OFF L low and turning off the switching regulators. When the DC 
ON/OFF switch is returned to the ON position, PWR OFF H goes ow, 
rapidly discharging Cl 3. POWER OFF L then goes high a"d switching 
regulator operation resumes. Approximately 100 ms later, BPOK H goes 
high and normal processor operation is enabled. DC ON/OFF circuit tim¬ 
ing is shown in Figure 11. 


5-lO;iS 


-.H h —H 


Figure 11 DC ON/OFF Circuit Timing 
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BEVNT L IS the bused EVENT line which is normally used for line-time 
c ock interrupts Q4 is cut off and Q1 is forward-biased during negative 
alternations of the ac line, producing low-active BEVNT L signals D1 
clips negative ahemations and limits Q4's reverse-bias to emitter volt¬ 
age. he LTC ON/OFF switch must be in the ON position for BEVNT L 
signal generation. When the LTC function is not desired, the LTC switch 

position: CSPARE2 goes low. 01 remains cut off, and 
BEVNT L remains passive (high). 

The RUN indicator is illuminated whenever the processor is executing 
programs. SRUN L, a nonbused backplane signal, is a series of pulses 
which occur at 3-5 ns intervals whenever the processor is in the Run 
mode. The pulses trigger a 200 ms one-shot on each SRUN L pulse 
leadmg edge, keeping it in the retrigger mode. Its high RUN H output 
signal is then inverted, producing a low signal that turns on the RUN 
processor is in the Halt mode, SRUN L pulses cease 
and the 200 ms one-shot resets after the 200 ms delay The RUN 
indicator turns off, indicating the Halt mode. 

RufAl^Tswitch allows the operator to manually assert the 
BHALT L signal low, causing the processor to execute console ODT 
rnicrocode. When in the ENABLE position, BHALT L is not asserted, and 
the Run rnode is enabled. Cross-coupled inverters provide a switch 
debounce function. 


-D, -H, -J, -K, -L Installation 

Installation of an H780 power supply consists of inspecting the unit 
connecting a suitable dc power cord, setting up the -F5 and -FI2 Vdc 
outputs, and connecting the power supply to the system. 


nii« ®®»ween 115 Vac and 230 Vac Power Sup- 

(H780-C -H, and -K) and the 230 Vac H780 power supplies (H780-D 

configuration on the power supply 

withTr^ 'r ® ®®® Vac supplies are equipped 

fnc*^ 5 A /ast-blow fuse: the 230 Vac supplies have a 2.5 A fast-blow 
fuse) and the power line RFI filter which is used only on the ’30 Vac 
supplies. Power supplies factory-wired for 115 Vac operation (H780-C 
-H, and -K) can be rewired for 230 Vac operation by reconfiguring the 
jumpers on TB1. However, European users of 115 Vac supplies should 
no rewire the H780-C, -H or -K for 230 Vac operation as these suppTes 
23o"vI *1 ® EMI requirements of VDE N-12. On the other hand the 
230 Vac supplies (H780-D, -J, and -L) can be rewired for 115 Vac and 

fo??hP the U.S. AC wiring configurations 

tor the H780 power supplies. 
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Space Requirements - The H780 power SUPP^ occupies a 
soace 13 97 cm wide X 8.43 cm high X 37.15 cm long (5-1 /2 in wide 
X 3-1/3 in high X 14-5/8 in long). Space should be f 
of the supply to gain access to the AC ON/OFF toggle switch. H780-H, 
J -K and L optLns should be installed to allow for unobstructed view¬ 
ing and use of the power supply console. 

input Power Requirements - The user s ac power source 

bs capable ol providing 340 W Hu" »' 
nr 60 ± 1 Hz No ac power cord is supplied with the H 780 options, it is 
year a rasponaibilitv to provide the proper iine cord and ac plug fo, 
his particular application. 

Cable Requirements - Three interface cables are supplied 
with the H780 options to connect the H780 console to the power supply 
and to connect the H780 to the system backplane. 


Cable 

DC output cable (connects dc to 
backplane) 

Power supply status cable (logic cable) 
(connects logic signals to backplane) 


Digital Part No. 

70-11584-0-0 

70-11411-OK-O 


Power supply console cable (connects console 70-08612-OM-O 
to H780) 

Refer to the BA11-N description for multiple backplane interconnection 
information. 


In addition if the user is controlling an H780 slave power supply (H780- 
K or S from an H780 master (H780-H or -J), the interface cable be^ 
tween the master and slave is the user's responsibility. This cable can be 
constructed from 12 -conductor ribbon cable and two 16-pin, IC-type 
male connectors (3M part number 3416). The 

ordered from the nearest Digital Equipment Corporation Sales Office 
Cable lengths and part numbers are listed in Table 

Installation Procedure - After unpacking the H780 from the 
shipping container, inspect the unit and report any damage to the new¬ 
est Digital Equipment Corporation Sales Office. Inspect for the follow 

ing: 

1. Damage to the chassis or printed circuit boards 
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Table 1 


Master/Slave Interface Cables 


Length 

DIGITAL 

Part No. 

10.2 cm (4 in) 

70-08612-0D 

15 cm (6 in) 

70-08612-OF 

22.9 cm (9 in) 

70-08612-0K 

27.5cm(11 in) 

70-08612-OM 

35.6cm(14in) 

70-08612-18 

45.7cm(18in) 

70-08612-1F 

124 cm (49 in) 

70-08612-4A 

61.0 cm (2 ft) 

70-08612-02 

1.83 m (6 ft) 

70-08612-6A 

3.05 m (10 ft) 

70-08612-10 


2. Loose or broken components 

3. Damage to the console on the H780-H, -J, -K, or -L 

4. Free rotation of the blades on the cooling fans 


6. Proper seating of the fuse 

7. Proper seating of the console cable connectors (H780-H. -J. -K. and 

f 

® ■>'<>='' 3t .h. 

block coofiaor. ,he cSv for i f Var i“Tlo°r'’''‘ 

While two of the terminal hio.iT operation 

“wo'^ro' 7“ » ^ H7^o“ni.r ' oTSo .°8' 

H780 D -J anrf ,p^' 230 V to 115 V for the 

r u !✓' ^ European users are advised not to operate an H7ftn 

c. -H. o, .K power aopply »„ a 230 Vac lin. aa th“s.Ti“.s a”e nSi 
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AC POWER CORD CABLE CLAMP 



AC ON/OFF 
SWITCH 


CHASSIS GROUND 
SCREW 


AC LINE 
FUSE (FI) 


PLASTIC 

SHIELD 


CABLE 

CLAMP 

SECURING 

SCREW 


AC TERMINAL 

BLOCK 

ITB1) 


Figure 12 AC Terminal Block at Rear of H780 



Figure 13 H 780 -C,-H, and-K (11 5 Vac) 

AC Terminal Block Wiring Configuration 
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Figure 14 H780-D, -J. and -L (230 Vac) AC Terminal 

Block Wiring Configuration 


thP ni» t h installing the ac line cord remove 

Iho M shield covering the terminal block (Figure 12 ) Terminals 
should be crimped or soldered to the power cord wires. Connect the ac 
phase wires to the terminal block (Figures 13 and 14 ) and connect 

he ac ground wire to the H780 chassis using the Phillips head screw to 
the right of the terminal block (Figure 12 ) Thi<; crrovA/ aler^ ^ 
».ou„d ,o, ,he RF, i„ ,Re F]7irD. '1 L I 

” .h” “ reconnected to g’oond when 

na^ hlnrW ft® Be sure to replace the plastic shield over the termi- 

rL«?c r upper right screw at the rear of the H780 

corn Ihn IH^K ^ ®®‘’'® end of the power 


H780-C and H780-D Stand-Alone Operation - If an H780-C or -D 
power supply is to be used as a stand-alone supply, a 510 « 1/4 W 
resistor must be installed between J2-2 and J2-9 on the power supp^ 

K to Z f I ^ ^ ). The 5 10 n resistor provides a puihup 

level to an internal power supply gate, thus enabling the -F 5 V and -F12 
V outputs. This resistor is not required for the H780-K®r -L slave suo- 
plies nor is the resistor required for the H780-H and -J supplies Thl 
sn^kIf^ 9 ®" bending its leads and inserting them into 

^''i across pins 2 and 9 of a 16-pin 

FiLurl l’e "" Pinning for the J2 enable plug is shown in 
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Figure 15 Locations of J1 and J2 on Power Supply Board 

510a 1/4W 



1 2 3 4 5 6 7 8 


CP•2409 


Figure 16 H780-C and -D Enable Plug 


Initial Power Turn-On - Before connecting the dc output of the FI780 
to a system, verify the dc output voltages by performing the following 
procedure. 

1 If the H780 is a slave supply (or an H780-C, -D). either connect cable 
J2 REMOTE of the slave H780 (or J2 on the power supply PC board 
of H780-C, -D) to the J2 REMOTE connector on the H780 master 
supply or install a 510 1/4 W resistor into the slave 
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2. Connect the H780 to a suitable ac power source. 

3. Set the H780 AC ON/OFF switch (Figure 12 ) to ON. The fans in 
the H780 should operate. 

4. On H780-H and -J options, set the console DC ON/OFF switch (Fig¬ 
ure 25 ) to ON. The DC ON indicator should light. (For master-slave 
operation, the DC ON/OFF switch and DC ON indicator are located 
on the user's master supply. The DC ON indicator on the slave should 
also light.) 

5. Using a DVM. measure the -f 5 and +12 Vdc outputs at J4 (Figures 
20 and 21 ) on the H780 PC board (side 2). The +5 V output 

should not be greater than + 5.1 5 V and the + 12 V output should not 
exceed + 12.36 V. 


6. .Set the master console DC ON/OFF switch to the OFF position. 

7. Set the AC ON/OFF switch to the OFF position. 

8. Unplug the ac power cord and connect the H780 system. 

Mounting an H780 to an H9270 Backplane - The H780 power supply 
IS designed to be mounted to the LSI-11 H9270 backplane. Four holes 
on the left side of the H 780 are equipped with No. 8-32 threaded bosses 
(Figure 17 ). These holes mate with four holes in the right side of the 
H9270 backplane frame. Four No. 8-32 X 1/2 inch screws are inserted 
through the H9270 backplane holes and are threaded into the H780 
power supply. The H9270 backplane and the H780 power supply thus 
become one assembly (Figure 18 ). Figure 17 shows the location of 
the four mounting holes in the H780. The two screws securing the front- 
chassis partition must be removed. These screws are to be replaced with 
longer screws (1/2 in) when attaching the H780 to the H9270. 

Connecting an H780 to an H9270 Backplane - The H780 power 
supply IS connected to the H9270 by means of two cables. These cables 
are supplied with the H780. One of these cables is a 25.4 cm (10 in) 
logic signal cable (DIGITAL part number 70-11411-OK-0), which con¬ 
nects from J1 on the power supply board (Figure 16 ) to connector 

pins on the H9270 printed circuit board (Figure 19 ). Either end of this 

cable can be connected to the power supply or the backplane. The other 
cable is a 30.5 cm (12 in) dc output cable (part number 70-11584-0-0) 
This cable is terminated at one end with a keyed. 12-pin connector 
which mates with J4 on side 2 of the H780 power supply board Figure 
20 shows the location of J4: Figure 21 shows J4 pinning. The 
remaining end of the dc output cable is terminated with a 6-lug con¬ 
nector strip which is connected to the H9270 backplane terminal block. 
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REMOVE THESE SCREWS 

and replace with 

# 8-32 X 1/2" WHEN 
MOUNTING H9270 


#8-32 THREADED HOLES 
FOR MOUNTING H9270 


8115-6 


Figure 17 Left Side of H780 Showing H9270 Mounting Holes 



Figure 18 H780 Mounted to H9270 Backplane 


408 








H780 



Figure 19 H780 to H9270 Backplane Connections 



DC OUTPUT 
CONNECTOR 


Figure 20 Location of H780 DC Output Connector (J4) 
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PIN NO 

+12V RETURN 

12 

OUTPUT 

n . ■ 

1 U 


9 

1 

8 

+5V RETURN 

7 

1 

t> 

4 

1 

3 

+ 5V OUTPUT 

2 

1 __ 

1 


NOTE : 

VIEWED FROM BOTTOM OF 
POWER SUPPLY PC. BOARD 


Figure 21 


Pinning for H780 DC Output Connector (J4) 


i shown in Figure 19. When connecting the 6-lug connector strip to 
le H9270 backplane, make sure that the spade 
icina up Figure 22 shows the dc output cable connected to J4 of the 
780 The H780 logic signal and dc output cables are routed toward he 
,af of the power supply and exit from the supply chassis next to the 
9270 backplane terminal block. 

780 H -J -K and -L power supplies have a console that is 

Dry-installed from J2 on the power supply board (Figure 1 b 
he console PC board (Figures 1‘9 and23). 

^780 Master-Slave Connection - An H780-H or -J power supply can 
1 uid as a master supply to control an H780-K or -Lslave supply. This 

naster slave Trr?ngement allows the user to power up/power down sys^ 

em expander backplane logic from the master 

uDDiv is connected to the master supply by means of the J2 (REMOTE) 
erably ribbon type) can be used to construct the interconnecting 
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Figure 23 shows the console printed circuit boards and the locations 
o the J1 (SUPPLY). J2 (REMOTE), and J3 connectors. J1 is always 

connected to J2 of the power supply printed circuit board (Figure 19 ) 

by the console signal/power cable (part number 70-08612-OM-O) which 
IS factory-installed. Pinning for J2 (REMOTE) on the console printed cir¬ 
cuit board IS shown in Figure 24. Pinning for J2 on the power supply 
printed circuit board is indicated in Figure 19. 


Connector J3 (Figure 23 ) provides the means of interconnecting boxes 
in a multiple backplane system. This connector parallels connector J2 so 

pr^oTi/no" to J2 on the master 

PDP11/03 using the cable supplied with the first BA11-M expansion 

box, and can connect J3 on the first slave BA11 -M to J2 on the second 
Slave BA 11-M using the cable supplied with the second BA11-M. 


The slave console boards in the early model power supplies did not 
Therefore, a single cable containing three DIP 
plugs (BC03Y-16) should be purchased to interconnect boxes in a mul¬ 
tiple backplane system. Each DIP plug is inserted into connector J2 on 
each box. 



Figure 22 H780 DC Output Connector (J4) 

with Mating DC Output Cable (70-11584-0-0) 
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J1 (SUPPLY) CONNECTED TO J2 ON 
POWER SUPPLY P.C. BOARD OF MASTER 



J2 (REMOTE) CONNECTED TO J2 (REMOTE) 
ON SLAVE SUPPLY INDICATOR P.C. BOARD 


a. H780-H and -J (Master) 



b. H780-K and -L (Slave) 

Figure23 H780 Master-Slave Connections 
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<5 14 13 12 11 10 9 


D 


’ 2 3 4 5 6 7 0 

J2 (REMOTE) 

1^**_ signal pin signal 


1 

NO CONNECTION 

9 

NO CONNECTION 

2 

DC ON H 

10 

SPARE 3 

3 

NO CONNECTION 

11 

SPARE 4 

4 

SPARE 2 

12 

SPARE S 

5 

GROUND 

13 

GROUND 

6 

CL3 L 

14 

DC OK H 

7 

CS3L 

IS 

SPARE 6 

8 

SPARE 1 

16 

NO CONNECTION 


CP-34 I I 


Figure 24 Pinning for J2 (REMOTE) on 
Console Printed Circuit Board 


Console Controls and Indicators - The H780-H or -J master 
console has three LED indicators and three 2-position toggle switches 
One of the LED indicators is a spare indicator. Circuitry to drive this 
indicator is included on the console printed circuit board for user appli¬ 
cation. The console on the H780-K and -L slave supplies has only one 
LED indicator. DC ON. Figure 25 shows the H780 console controls 
and indicators: they are described in Table 2 . Additionally, the rear 

panel of the H780 contains an AC ON/OFF toggle switch and an ac line 
fuse (Figure 12). 

+ 12 V and +5 V Adjustment Procedure - The H780 power 
supply IS factory-adjusted to produce +12 V and +5 V outputs within 
the operating tolerance of the system. The adjustment procedures pre¬ 
sented allow the user to trim the dc outputs of the H780 to meet his 
particular needs. One adjustment is provided for the +12 V output 
while two adjustments (one for the output voltage and one for the 
switching regulator frequency) are provided for the +5 V. Figure 26 
shows the location of the adjustments. A DVM. an oscilloscope, and a 
small screwdriver are required. Power supply loading is provided by the 
LSI-11 bus or processor. 
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Table 2 H780 Controls and Indicators 


Control/ 

Indicator Type 


QQ ON led indicator 


Function 

Illuminates when the DC 

ON/OFF toggle switch is set to 
ON and proper dc output volt¬ 
ages are being produced by the 
H780. 


If either the -F 5 or +12 V output 
from the H780 is faulty, the DC 
ON indicator will not illuminate. 
This is the only indicator on the 
H780-K and -L slave supplies. 


pyiNj LED indicator 


SPARE led indicator 


DC ON/OFF Two-position 

toggle switch 


Illuminates when the processor 
is in the run state (see EN¬ 
ABLE/HALT). 

Not used by the H780 or proces¬ 
sor. The H780 contains circuitry 
for driving this indicator for user 
applications. 

When set to ON, enables the dc 
outputs of the H780. The DC ON 
indicator will illuminate if the 
H780 dc output voltages are of 
proper values. If a slave supply is 
connected to a master, the slave 
DC ON indicator will light if the 
slave dc output voltages are of 
proper value. 


When set to OFF, the dc outputs 
from the H780 are disabled and 
the DC ON indicator Is ex¬ 
tinguished. If a slave supply is 
connected to a master, the slave 
DC ON indicator will also ex¬ 
tinguish. 
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Table 2 _H780 Controls and Indicators (Cont) 


Control/ 

Indicator 

Type 

Function 

enable/halt 

Two-position 
toggle switch 

When set to ENABLE, the B 
HALT L line from the H780 to 
the processor is not asserted and 
the processor is in the Run mode 
(RUN indicator illuminated). 



When set to HALT, the B HALT L 
line Is asserted, allowing the pro¬ 
cessor to execute console ODT 
microcode (RUN indicator ex¬ 
tinguished). 

LTC ON/OFF 

Two-position 
toggle switch 

When set to ON, enables the 
generation of the line-time clock 
(LTC) BEVNT L signal by the 
H780. 



When set to OFF, disables the 
H780 line time clock. 

AC ON/OFF 
(rear panel) 

Two-position 
toggle switch 

When set to ON, applies ac 
power to the H780 



When set to OFF, removes ac 
power from the H780. 

FUSE (rear panel) 

5 A or 2.5 A 
fast-blow 

Protects H780 from excessive 
current. H780-C, -H, and -K use 
a 5 A fuse, H780-D, -J, and -L 
use a 2.5 A fuse. 
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SPARE INDICATOR 


Figure 25 Console Controls and Indicators 
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j 



+5V FREQUENCY 
ADJUST (R69) 

CW - DECREASE 
CCW - INCREASE 


+5 V OUTPUT 
ADJUST (R88) 
CCW - INCREASE 
CW-DECREASE 


+12 V OUTPUT 
ADJUST (R87) 
CCW-INCREASE 
CW-DECREASE 


Figure 26 Locations of H780 Adjustments 
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+ 12 V Adjustment - Perform the following procedure when adjusting 
the +12 Vdc output. 

1. Apply power to the system and allow a 5-minute warmup period. 

2 Using a DVM, measure the +12 V output at the system backplane 
terminal block (Figure 19) 


3 Using a small screwdriver, adjust R87 (Figure 26 ) until the DVM 
indicates + 12.0 V (+11 64 V to +12.36 V acceptable range). Turn- 
clockwise decreases the +12 V output, while turning 
counterclockwise increases the output. 


NOTE 

If R87 is turned too far counterclockwise, the 
+ 12 V output will crowbar and drop to approx¬ 
imately 0 V. This will occur between +13.0 V 
and +16.5 V. Do not allow the supply to crow¬ 
bar as this may blow the internal fuse (FI) pro¬ 
tecting the +12 V regulator. 


4 Using an oscilloscope, measure the ripple on the +12 V output at the 
backplane terminal block. The ripple should not be greater than 350 
mV peak-to-peak. 

5 Using an oscilloscope, measure the amplitude and ^eciuency of the 
rioole on the +12 V output at the backplane terminal block. The 
ripple should not be greater than 350 mV Peak-to peak with a period 
from 65-140 us. If the ripple period is not within 80-140 (is, adjus 


R37to+12V. 

+ 5 V Adjustment - Perform the following procedure when adjusting 
the +5 Vdc output. 

1. Apply power to the system and allow a 5-minute warmup period. 


2. Using a DVM, measure the + 5 V output at the system backplane 
terminal block (Figure 4-50). 


3 


Using a small screwdriver, adjust R88 (Figure 26 ) until the DVM 
indicates +5.0 V (+4.85 V to +5.15 V acceptable range). Turning 
R88 clockwise decreases the + 5 V output, while turning counter- 
clockwise increases the output. 


NOTE 

If R88 is turned too far counterclockwise, the 
-F5 V output will crowbar and drop to approx¬ 
imately 0 V. This will occur between -F 5.6 V and 
-F6.8 V. Do not allow the supply to crowbar as 
this may blow the internal fuse (F2) protecting 
the -F5 V regulator. 
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amplitude and frequency of the 

.he, j,;";=.r:rrrvrvT„r 
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H909-C GENERAL PURPOSE LOGIC ENCLOSURE 

The^H^W^C is one of the three basic enclosures available; the H909-C 
InLsure, the BA11 -M expansion box and the BA11 -N mounting box. 


SPECIFICATIONS 

Width 

Height 

Depth 


48.25 cm (19 in.) 

13.33 cm (5.25 in.) 

62.86 cm (24.75 in.) 

70.48 cm (27.50 in.) including 
bezel 


Weight 

Mounting Space for Power 
Supplies 


27.21 kg (60 lb.) 

12.7 cm X 15.8 cm X 50.8 cm 
(5 in. X 6.25 in. X 20 in.) 



7920 




Figure 1 H909-C Enclosure 
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DESCRIPTION 

accommodate 

sNhQv/ct ® or any one of several different standard (oqic 

fram^'fl^^f with the use of compatible logic 

Imh. blocks, it can house custom-configured Lbfs- 

f I- features a distinctive front panel that can be drillpri 

for lights and switches as desired by the user. A fan k nr^n f 

Sion"^ capability and ample room is reserved for power supply insta^ 

CONFIGURATION 

lormSn'’T'''’"''" '".f*'"'' '""'“''"s application ana configuration 
lir a^alfaEr .arlous%t,ons 


Voltage 

Options (V) Bezel 

* Includes 

Mounting 

H909-C — 

No 

Fan and H0341 
card guide 

— 

PDP-11/03-XA 115 

Yes 

X=E;KD11-F 

BAII-MCor 

PDP-11/03-XB 230 

Yes 

X=K;KD11-R 

baii-md 

BAII-MCor 

baii-md 

PDP-11/03-LC 115 

Yes 

KD11-R and BDV11-A 

BAII-NCor 

PDP-11/03-LD 230 

Yes 

KD11-R and BDV11-A 

BA11-ND 

BAII-NCor 

BA11-ND 

BAII-ME 115 

BAII-MF 230 

BAII-NE 115 

BA11-NF 230 

No 

No 

No 

No 

Cable to daisy chain 
Power supply 


Including switches 
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H984 SERIES CABINETS 


^984 series is one of two types of low-profile cabinets ava labia the 
H984 series and the H9800-A. The H984-BA (115 Vac) and the H984- 
BB (230 Vac) are low-profile cabinets equipped with a walnut-grained, 
plastic laminate top surface and four ball-type casters mounted on a 
supporting frame for ease of positioning on solid or carpeted surface^ 
The cabinets are a light gray steel enclosure trimmed in flat black to 
make them compatible with the decor of the modern office or labora¬ 
tory. 



Figure 1 H984 Series Cabinet 


SPECIFICATIONS 

Dimensions 

Width 

Depth 

Height 

Module enclosure 


59.7 cm (23.50 in) 

71.3 cm (28.06 in) 

54.6 cm (21.50 in) 

Standard 48.3 cm (19 in) EIA 


Mounting space 
Usable height 
Usable depth 

Color 


59.7 cm (23.50 in) 

61.7 cm (24.28 in) 

44.6 cm (17.56 in) 

Walnut-grained top surface, light gray side 
panels, chrome and flat black trim 
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Description 

Weight 

Low-Profile Cabinet (115 Vac) 
Low-Profile Cabinet (230 Vac) 

Optionai Hardware 

Blower Fan (115 Vac) 

Blower Fan (230 Vac) 

Blank Connector Panel (back) 
Louvered Cover Panel (front) 
Blank Metal Cover (front) 
Connector Panel Frame (back) 
Connector Panel Assembly (back) 


Part No. Shipping 


H984-BA 

H984-BB 


70-12438-0 

70-12438-1 

74-17440 

12-11474-0 

H950-NC 

74-16743 

70-12871 


31.8 kg (701b) 
31.8 kg (701b) 


3.6 kg (81b) 
3.6 kg (8 lb) 
2.3 kg (51b) 
0.45 kg (1 lb) 
1.8 kg (4 lb) 


DESCRIPTION 

Each H984 provides mounting space for standard 48.3 cm (19 in 1 
panels or racks at both the front and rear of the unit. Two vertical 
angles at the front and rear opening of the enclosure contain pre- 
m ^"9168 can be laterally positioned 

Both <! units with varying depths 

rnUi- enclosure contain ventilation ports to allow 

cooling of the internal components. 

of the unit and 

can be easily extended and retracted. The service leg provides stabili 

front oHh?cTb®* chassis are withdrawn from the 

front of the cabinet. When not in use, the leg retracts into the channel. 

A 115 Vac power distribution panel is supplied with the cabinet and is 
mounted at the top of the rear opening of the cabinet. The pfnel can 
be easily repostioned to accomodate internal chassis when required. 

Optional Equipment 

Fan Panel Assembly - A fan panel assembly with two enclosed 
tS as an option and provides additional cooling for 

the electrical components in the cabinet. The assembly is prewted 

n!Zt connector which can be inserted into one of the 

outlets on the power control panel (part of the H984 cabinet). The fan 

with ^^0 or 230 Vac. The panel is supplied 

With hardware for mounting. 

^ cover pan¬ 

el, 4.45 cm (1.75 in) high, can be used to complete the covering at the 
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front of the H984. The panel slots allow Increased air flow through the 
cabinet. 

Blank Connector Panel — The blank connector panel is designed to 
completely enclose the rear opening of the H984 when the blower fan 
assembly ^option is included. This provides a surface for mounting 
fnte^face caSle connectors or cable openings. The panel is supplied 
with hardware for mounting. 

Blank Metal Panel - A light gray blank metal cover Pf "®'’ 

in) high, can be ordered to complete the covering at the » o^t of the 

cabinet. The color is the same as the PDP-11 /03 front panel and H984 

cabinet. 

Connector Panel Assembly - A hinged connector, fo^ 

mounting up to eight cable connectors, encloses the remainder of the 
H984 rear opening when the fan assembly Is Included. 
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H9270 BACKPLANE 
GENERAL 


blv® with a card guide assem- 

'® f^esigned to accept up to eight doubie-height 
modules (including processor), four quad modules, or a combinatfon 

Itole expansion in 

multiple backplane systems, the H9270 provides space for up to six 

r’ required expansion cable connected mod- 

ule(s) and/or terminator module. 


DESCRIPTION 
Mounting the Backplane 


Mounting dimensions and possiBle methods ot mounting the H9270 

baokplane (in any of three planes) are shown In Figure 1 . Sptlon posi- 

anH nMA numbers indicate device interrupt 

tiona m systems. The lowest numbered posi- 

tions receive the highest priority. ^ 


DC Power Connections 

® Current Requirements — A power supply for a sinole 
H9270 backplane LSI-11 system should have the following capacity: 

+5V ±5% load; 0-18 A static/dynamic 
+ 12V ±3% load; 1-2.5 A static/dynamic 
+5 ripple; less than 1 % of nominal voltage 
+12 ripple; less than 150 mV p-p (frequency 5 kHz) 


NOTE 

Regulation at the H9270 backplane must be 
maintained to the specifications listed above 


The H780 power supply option provides sufficient 
erates the required bus signals. Installation details 
H780 power supply description. 


dc power and gen- 
are included in the 
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rear mounting 



Figure 1 Backplane Mounting 


VIEW FROM MODULE SIDE OF BACKPLANE 


PROCESSOR 

(HIGHEST PRIORITY LOCATION) 

PROCESSOR OR OPTION 1 

OPTION 3 

OPTION 2 

OPTION 4 

OPTION 5 

OPTION 7 

' (LOWEST PRIORITY LOCATION) 

OPTION 6 


- PREFERRED LOCATION FOR MMV11-A CORE MEMORY 


Figure 2 H9270 Option Positions 
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H9270 

It r »ysten, .sing 

PI. .ppcIticaS^ Sm n'glaTga™ Sr?"'r 

Will be necessary to calculatP ttf "? 1 backplane. However, it 

onlnPlv,p„a,powerragu,r..en,srrd:r„;Zr^^^^^ 

■ connecrrckTerTabirr'^* ^^270 

For battery backup, remove the jumper between +sv anH j.co 

3. Connect the ground terminais at the power source 
• --ctrl. 

The signal connections to the H9270 backplane are shown in Figure 4. 


Table 1 H9270 Backplane Standard Power Connections 


Power Source 

(From) 


M9270 Connector Block 
(To) 

+ 12V 

+ 12V 


+5V 

+5V 

Factory 

GND 

GND 

-12V 

+5B 

Connected 

GND 

GND 

-12V 

Factory 

Connected 

This voltage is not required. 

The connection is available 
for custom interfaces. 
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Figure 3 H9270 Backplane Terminal Block (Pin Sid. Vl.» Sho«n) 


ribbon cable 




mating connector dec part no. 12-11206-02 

(3M PART No.3473-3) 


BEVNT /VV^^BHALT 
/ \ ^GND 

BPOK ' H9270 PRINTED 

SRUN CIRCUIT BOARD 


Figure 4 


H9270 Backplane Signal Connections (Pin Side View 
Shown) 
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CONFIGURATION 

Backplane and Module Configuration 

Single-backplane or 

<!vSm systems. The electrical characteristics of each 

system are different; hence, two sets of rules have been devised and 
must be Observed. These rules have their basis in bus loading Ld 
power consumption. ^ 

Single Backplane Configuration Rules 

th^end.'^^ ^nterminated at 

The terminated bus can support up to 35 ac loads. 

The bus can support up to 20 dc loads. 

The amount of current drawn from each power supply should be 
70 percent or lees of the meximum rated output of iSJ supp" 


2 . 

3. 

4. 


5. 


6 . 


7. 


9. 


Multiple Backplane Configuration Rules 

1. No more than three backplanes can be connected together. 

2. Each backplane can have no more than 20 ac loads. 

3. The total number of dc loads cannot be more than 20. 

^ ^®^^'nation line must be terminated with 120 

ohms, i.e the first backplane must have an impedance of 120 
Ohms, and the last haokplane must ha,e a lerminatio' of IS 

The cable connecting the first two backplanes (i.e., the main box 

cm (2 ft.) long (A 

182.88 cm (6 ft.) cable is recommended for ease of installation ) 
The cable connecting the backplane of expander box 1 to the 
backplane of expander box 2 must be at least 121.92 cm (4 ft) 

exoann'"’ ^ ^o'^'^ecting the main box and 

e^'e oJrnstaTaJoif). " recommended for 

In20 ohms'!"'"^"® ® ^^^'^cteristic impedance 

tJ oprTlT* T supply should be 

70 percent or less of the maximum output of the supply. 
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To configure an LSI-11 bus system, take the following steps: 

1 . Choose the type of memory (MOS, PROM or combination) re¬ 
quired for the specific application. 

2. Select the CPU and memory combination most suited for the ap¬ 
plication. 

3 . Select additional memory, interface, and peripheral options. 

4. Count the total number of module positions. 

5 . Count the total number of bus positions. 

6 . Choose a backplane configuration that satisfies both the module 
position requirement, the bus position requirement, and also pro- 
vides sufficient expansion space. 

7 . Enter the option names In the backplane positions of the selected 
configuration. 
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H9273-A BACKPLANE 


GENERAL 


The H9273-A backplane logic assembly consists of a 9 
(nine rows of four slots) and a card frame assembly. 


X 4 backplane 


DESCRIPTION 

The H9273-A backplane logic assembly is shown in Figure 1 Power 
and signals are supplied to the backplane to conncectors J7 and J8 

1. 2 and 3. Connectors J9 
(GND) and J10 (-12V) are also shown in Figure 2. 



Figure 1 H9273-A Backplane Logic Assembly 



J7 


(D 1 
0 2 
© 3 
® 4 
0 5 
© 6 



+ 12 VDC(B) 

+ 12 VDC 
GND +12VDC 
GND +5\/DC 
+ 5VDC 
+ 5 VDC(B) 
GND +5VDC 
+ 5 VDC 





Figure 2 H9273-A Power Connections 
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H9273-A 



Figure 3 H9273-A Signal Connections 


The. Hq973 A backplane is designed to accept both double-height and 
ry modules, backplane struau^^^ 

fslol^C an?D) The connectors that make up this backplane are 
arranged in nine rows (Figure 4). Each connector has two slots, 
of which contains 36 pins, 18 on either side of the slot. 

Figure 5. 

box description for more information. 

NOTE 

Connector block pins do not extend beyond the 
H9273-A printed circuit etch card, thus eliminating 
the possibility of backplane wire-wrapping. 
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H9273-A 


Three jumpers (W1, W2, and W3) are shown in Figure 4. Jumper W1 

enables the line-time clock when inserted and disables it when re¬ 
moved. 


NOTE 

Only one BA11-N mounting box in any system may 
have the line-time clock enabled. 


When inserted, jumpers W2 and W3 allow the LSI-11 quad-height 
CPU to run in row 1. Jumpers W2 and W3 are removed when the 
backplane is used as an expansion backplane in a system. 


CONNECTOR 1 


CONNECTOR 2 


ROW 1 

ROW 2 

ROW 3 

ROW 4 

ROW 5 

ROWS 




























ROW 7 





ROW 8 





ROWS 








VIEW IS FROM MODULE SIDE OF CONNECTORS. 


MA-0740 

Figure 4 H9273-A Backplane Connectors 
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H9273-A 



-A I UMts; 

• ALL PINS A1 CONNECT TO PINS Cl IN 
THE NEXT LOWEST SLOT. 

• ALL PINS A2 CONNECT TO +5 VOLTS. 

• ALL PINS T2 OF StOT C ARE CON 
NECTED TO PIN T2 OF SLOT D IN THE 
NEXT LOWER SLOT. 


Figure 5 


• ALL PINS C2 AND PINS T1 ARE GROUND. 

• JUMPER W2 IS CONNECTED ACROSS 
PINS K1 AND LI IN SLOT C ONLY. 

• JUMPER W3 IS CONNECTED ACROSS 
PINS K1 AND LI IN SLOT D ONLY. 

C-D Bus Interconnection Scheme 


MR- 1364 
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H9281 


H9281 BACKPLANE 

general 

space ^ "’°®* efficiently use available system 

DESCRIPTION 

The H9281 2-slot backplane is available in the following six options: 
Backplane 
Option 
Designation 
H9281-AA 
H9281-AB 
H9281-AC 
H9281-BA 
H9281-BB 
H9281-BC 


Description 

4-module backplane 
8-module backplane 
12-module backplane 

4-module backplane and card cage assembly 
8-module backplane and card cage assembly 
-module backplane and card cage assembly 


Backplane 
Option Module 
Designation Number 


AAV11-A 

ADV11-A 

DRV11-B 

DUVII-A 

DZV11-A 

KWVII-A 

MMV11-A 

MSV11-CD 

RLV11 

BDV11 


A6001 
A0121 
M7950 
M7951 
M7957 
M7952 
H223, G653 
M7955-YD 
M8013 
M8014 
M8012 


Description 

4-channel 12-bit D/A converter 
16-channel 12-bit A/D converter 
DMA interface 
Line interface 
Asynchronous multiplexer 
Programmable line-time clock 
Core memory 
16K MOS memory 
RL01 controller 

Bootstrap, terminator 


CONFIGURATION 

rdrTI,^'SraV°; *'><>«"' Figures 1 

ana 2 . The H9281 backplanes can be mounted In any plane The 
enclosure .n which the backplane is mounted, available system space 
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H9281 


H9281-AA 


H9281-AB 


H9281-AC 


1.83 cm 



4.95 cm 
* (1.95 in) 



1 

1 

1 

1 


1 

1 

J 


I] 

1 

n 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

j 

1.27 cmj 
(0.5 in) 


(1.75 in) 



"1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


mb 0455 


Figure 1 H9281 -AArAB,-AC Mounting Dimensions 
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H9281 



MR-0460 

Figure 2 H9281-BA,-BB,-BC Mounting Dimensions 
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H9281 


Connecting System Power , . ^ , 

Seven screw terminals are provided on the slot 1 end of the backplane 
for power connections. Connect system power (and optional battery 
backup power) as shown in Figure 3. Power wiring should be done 
with a wire gauge appropriate for the total power requirements for 
options installed in the backplane. The recommended wire size for 
H9281-AC and -BC backplanes is 12 gauge. 14 gauge is sufficient for 
the other H9281 models. 



MR-0461 


Figure 3 H9281 Power Connections 


Select a power supply that will meet LSI-11 system power specifica¬ 
tions and supply sufficient current for the options in the system. The 
H780 power supply is recommended. 


Connecting Externally Generated Bus Signals 

Externally generated bus signals can be connected to the H9281 back- 
panel via connector J2. These signals include power sequence signals 
BPOK H, BDCOK H, BHALT L and BEVNT L. In addition, the proces¬ 
sor-generated SRUN L signal is available via J2 for driving a RUN 
indicator circuit. J2 connector pins are fully compatible with the H780 
model series power supply or the KPV11-A power-fail/line-time clock. 
Signal connector J2 pinning and signal names are identified in Figure 
4. 
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H9281 


BDCOK -- 



r CS3 -- 

“O 0“ 

bhalt l 

NOT I 

^"^°1CL3L 

u o— 

-(NOT CONNECTED) 

V 

KEY (NO PIN)- 


■-GND 

BEVNT L-- 

Lr- 

----SHUN L 



-BPOK H 


MR.0462 


Figure 4 H9281 Signal Connections (J2) 

Device Priority 

All LSI -11 bus backplanes are priority structured. Daisy-chained orant 
jgnals for DMA .Ad Int.rrup, r«,„ests prop.g.,/.r, "SmThe 
processor from the first (highest priority device) to successively lower 

priority devices. Processor module locations and device (option) 
priorities are shown in Figure 5. topiion) 

Bus Terminations 

fprminLT® H9281-AB, -BB. -AC, and -BC include 120 bus 

termination resistors at the electrical end of the bus; therefore, it is not 

backSs ^ terminator module in these 
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H9281 


POWER CONNECTOR 
block UD 


H9281-AA, -BA 
4-SLOT BACKPLANE 


> > m 

s; IT) 


SIGNAL 
CONNECTOR 
PINS (J2) 


o o o o o o o 


1 PROCESSOR MODULE 

2 ♦-OPTION 1 (HIGHEST PRIORITY) 
3-OPTION 2 

4 _ OPTION 3 (LOWEST PRIORITY) 
4_ROW NUMBER 




H9281-AB, -BB 
8-SLOT BACKPLANE 



120 OHM BUS TERMINATION RESISTORS 


PROCESSOR MODULE 
OPTION 1 (HIGHEST PRIORITY) 
OPTION 2 
OPTION 3 

- OPTION 4 
-OPTION 5 
-OPTION 6 

- OPTION 7 (LOWEST PRIORITY) 


H9281-AC, -BC 
12-SLOT BACKPLANE 


o o o o o 

--— T 

- h 

--4 

o 

o 

n 

I I 

L J 


I—J- 


\ - 

4--- 


1 - PROCESSOR MODULE 

2 - OPTION 1 (HIGHEST PRIORITY) 
3- OPTION 2 

4 - OPTION 3 

5- OPTION 4 

6- OPTION 5 

7- OPTION 6 

8- OPTION 7 

9- OPTION 8 
10^ OPTION 9 
11 - OPTION 10 

12 -OPTION 11 (LOWEST PRIORITY) 


120 OHM BUS TERMINATION RESISTORS 


MR 0463 


Figure 5 H9281 Option and Connector Locations (Module Side) 


440 


















































H9800-A 

H9800-A CABINET 
GENERAL 


The H9800-A Is a low-profile systems desk equipped with a walnut- 

S^decor * Tht"’*"?*® color-coordinated to fit into modern 

office decor. The unit is equipped with six ball casters as standard 

^ 1*15 Varl positioning on carpeted surfaces. Also included Is 

a 115 Vac power distribution panel. 



Figure 1 H9800-A Cabinet 


SPECIFICATIONS 

Dimensions 

Width 

Depth 

Height 

Shipping weight 


Module enclosure 
Mounting space 
Usable height 
Usable depth 
(variable) 

Color 


121.92 cm (48 in.) 

81.28 cm (32 in.) 

70.1 cm (27.6 in.) 

45.36 kg (100 lb.) 

Standard 48.3 cm (19 in.) EIA 

53.3 cm (21 in.) 

73.7 cm (29 in.) 


Walnut-grained top surface, beige side 
panels, chrome trim 


DESCRIPTION 

The H9800-A is constructed of quality materiais including a top con- 

particle board with a dark-wainut plastic 
laminate. The module itself is constructed of 11 and 18 gauge steel 
With a maximum loading capacity of 181.44 kg (400 lb.). 
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H9800-A 


The H9800-A consists of a left-mounted rack enclosure offering 53.3 
cm <21 in ) of usable height and 73.7 cm (29 in.) o1 usable depth m a 
Standard 48.3 cm (19 in.) EIA mount format. The right side offers kriee 
space, a modesty panel, and a convenient work surface ideal for us g 
terminals or typewriters. 
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IBV11-A INSTRUMENT BUS INTERFACE 


GENERAL 

!f interfaces the LSI-11 bus with the instru- 

forProarammaNp?®^! Standard 488-1975, “Digital Interface 

for Programmable Instrumentation.” An IBV11-A can be installed in 

any L^-11 system. The IBV11-A consists of an M7954 interface mod- 

t fo'" connecting the first instrument. Addi- 

tional instruments may be connected using a BN01A cable. 

tlm iosible programmable instrument sys- 


FEATURES 

• PDP-11 software-compatible 

• 40-Kbyte/sec maximum transfer capability of hardware 

• Board-mounted, user-configured switches aliow easy device 
(register address) and interrupt vector address selection 

• Software support availabie under FORTRAN iV 

• 5-Kbyte/sec transfer rate under FORTRAN 

• System hardware-compatible with the LSI-1 1 component system 

• Instrument bus compatible with the IEEE 488-1975 standard 

• The module supports cable lengths up to 20 m (65.6 ft) total 

• 15 devices (maximum) can connect to the bus 


SPECIFICATIONS 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 


M7954 

Double 

+5.0 Vdc ±5% at 0.8 A 

1.8 

1 


The IBV11-A, when connected to the LSI-11, 
subsets of IEEE Standard 488-1975: 


will meet the following 


SHI 

SRI 

Cl 

AH1 

RL1 

C2 

TS 

PP2 

C3 

TE5 

LE3 

DC1 

C4 
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This module is designed to be the only controller on the '^EE bus 
Therefore It will not respond to another controller on the bus that 
issues either a parallel poll configure command or a parallel poll con¬ 
trol signal. 


description 

?'e"rn'c.ional I 05 ic blocks that make up tha 

Fioure 1 LSI-11 software controls and communicates with the IBV11- 
A via iogrammed I/O transfers and Interrupts. Programmed l^'O 
transfers are made possible by assigning unique device addresses 
(also called “bus addresses”) to the IBS and IBD registers. 


buVSess%election. Interrupt vector address generation 
and bus data driver/receiver (transceiver) functions 
transceiver integrated circuits (DC005). Each integrated circuit pro¬ 
vides the interfL for four BDAL bus lines; thus four transceivers 
comprise the 16-line BDAL (0:15) L LSI-11 bus interface. 

Bit 1 of the least significant octal digit (BDAL 0) ®®'®f fj"® 
reoister This is a byte pointer and it is significant for DATOB and 
DATIOB bus cycles only. Register address selection is actually per¬ 
formed in th^LSI-l 1 bus protocol and register selection c^^rcuit 
(DC004)- the receiver integrated circuit (DC005) simply routes the re¬ 
ceived low-order three address bits [DA (2:0)] to that function. 

All I/O transfers over the LSI-11 bus are done according to a strict 
protocol One bus protocol integrated circuit (DC004) performs bo 
fhis ?uncti?n and the register address selection Previous V discus^^^^^^ 
When an active ADDRESS MATCH signal is present and ^SYNC L 
Signal is asserted, the bus protocol 

comolete its register selection function. BWTBT L, BDOUT L, and 
BDIN L bus signals are decoded In the integrated circuit, as aPP^oPfl: 
atVto produce the LOAD IBS LOW BYTE, SELECT 'BS, LOAD IBD 
LOW BYTE, and RECEIVE internal control [^® 

logic functions. The integrated circuit also asserts J® 

quired during the I/O sequence to complete the programmed transfer. 
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ADDRESS 
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INTERRUPT 
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Figure 1 IBV11-A Functional Block Diagram 










































































































































































IBV11-A 


Interrupts are generated by one interrupt integrated circuit pC003). 
Four interrupt vectors can be generated by this bus interrupt interface 
function A 5-bit vector switch allows the user to select the interrup 
vector for the IBV11-A module. The 1BV11-A base interrupt vector is 
factory-configured for 420. The base interrupt vector can range from 
300 to 760; however, the vector interrupt must not conflict with ot 
bus devices, or with those interrupts reserved for system vectors. 


Interrupt Vector 

000420 
000424 
000430 
000434 


Interrupt Source 

Error 

Service request 
Command and talker 
Listener 


These interrupt vectors ailow the IBV11-A to generate interrupts that 
can most efficiently be serviced by four separate service routines. 

interrupt and vector control logic on the IBV11-A module generates 
the INTR CTL signals that initiate the interrupts. Inputs for this logic 
function include the interrupt enable (IE) bit (stored 
buffer), command or talker (CMD or TKR) and listener (LNR) ready 
flags, error (ERR) status from the error detection logic, and the device 
service request (instrument bus control signal). 

Instrument Bus Control 

The control buffer is an 8-bit register that functions as the low byte of 
the IBS register. Bits stored in this register control generation of inter¬ 
rupts, instrument bus clear, and instrument bus control and status 
loqic. Setting the IBC bit actually triggers a one-shot producing a 125 
its puise that clears the instrument bus. Take control sync an 
handshake control logic function together with instrument bus control 
and handshake interface logic to communicate with instruments on 
the bus according to instrument bus protocoi. Output transactions 
with the low byte of the IBD register result in data being stored in the 8- 
bit command ^nd talker output buffer. Instrument bus line drivers gate 
this byte onto the instrument bus when the IBV11-A is an active talker, 
or when it is an active controller. 

Instrument Bus Interface 

The IBV11-A interfaces with the instrument bus via four integrated 
circuits, type MC3441. These integrated circuits are bus transceivers, 
each containing four bus drivers, four bus receivers, and bus termina¬ 
tions that comply with instrument bus specifications. 
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CONFIGURATION 

General 

The IBVn-A option can be installed in any LSI-11 bus to interfarp 

® paragraphs contain only the basic information necessa- 
y for configuring device register addresses and vector interruots 
general installation and interface to the instruments an? bast 
programming (e.g., device register functions). 

Device Address 

oniigure the IBV11-As register addresses. Only switches 
corresponding to BDAL lines (3:12) are provided. By PDP-11 tern 
tion, the upper 4K address space (bank 7) is normally reserved for 

SteBBSzfwSn’ P'-ocessor module as¬ 

serts BBS7 L whenever a bank 7 address [BDAL (13:15) L is asserted! 

IS placed on the bus. Thus, BBS7 L must be asserted to enable an 

address match” output from the address selection function Any ad- 

conflict with other device addresses within the system; the X in the 
address represents register and byte selection within the modul. 

Each IBV11-A module is factory-configured for a standard device reo 
ster address (160150) and interrupt vector (420). Switches S^1 

SleTo'^* (device register address) configure the mod- 

ule A summary of register addressing and interrupt vectors is orovid 

rnnf f ^ tT 6^^°^ interrupt vector is 

configured. The remaining three vectors are permanently assioned 

sequential addresses in address increments of four as shown in fable 
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1BV11-A 

Table 1 Standard Assignments 


First 


Description 

Mnemonic 

Read/ 

Write 

Moduie 

Address 

Registers 

Control/Status 

Data 

IBS 

IBD 

R/W 

R/W 

160150 

160152 

Vectors 

Error 

Service 

Command and Talker 
Listener 

ER2, ER1 
SRQ 

CMD, TKR 
LNR 


420 

424 

430 

434 


<^witches S1 and S2 are locatea on me idv i ■-/-> - 

Figure 4 S1 and S2 are switch assemblies, each containing sever^ 

individual switches. The individual switches indicated in 

3 are clearly marked on the S1 and S2 assemblies. The ON and OFF 

positions are also clearly marked. 


ThelBVI l^ATs'capable ol generating four aeparate Interrupt requests; 
lach have separ«e Interrupt vectors and rtormally ^ 

rate service routines. Interrupts can be requested only when the IBS IE 
(interrupt enable) bit is set. Interrupt requests ®'® 
the IBV11 -A. A summary of the four types is provided below. 

Associated 

Priority Vector IBS Bit Cause of Interrupt 

Error condition. 

A device connected to the 
instrument bus is request¬ 
ing service. 

ThelBV11-A is an active 
talker and is ready for the 
processor to output a byte 
to the low byte of the IBD 
register. (ThelBVIl-A will 
normally then transmit the 


Highest 

Second 

highest 

Third 

highest 


OOOXNNOO 

000XNN04 


ER2, ER1 
SRQ 


000XNN19 TKR, CMD 
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Lowest 000XNN14 LNR 


byte over the installation 
bus to the active listen- 
er(s).) 

The IBVI1-A is an active 
listener and has a data 
byte to be read by the 
processor. 


NOTES 

1. X = User-configured interrupt vector octal digit. 

2. N = User-configured interrupt vector binary bits. 

i?Se ^EMiiSt."**' 


IBS REGISTER ADDRESS FORMAT 



1. OFF-Logicol 0; ON* Logical 1 

iHs re*gister"«oress‘“°.''^” “ ,io SJ. r». ibo register address ol.o„ ,h. 


Figure 2 Register Addresses 


STANDARD VECTOR ADDRESS ^ 
CONFIGURATION (000420) ^ 


OFF OFF 


^i INTERRUPT VECTOR 
0 0 ^ERROR 

0 1 • SERVICE REQUEST 

I 0 • COMMAND AND TALKER 

' ■ -LISTENER 


NOT USED 


I-ON=DISABLE ERR1 

_♦_ INTERRUPTS 

(NOTE 3) 


NOTES; 

1. OFF = Logicol 0; ON*Logicol 1 

" -ir..I”,r.u! ..- - - -=—• — 

!! ! *'’• O"')' sys'*'" controller connected to the instrument bus 

SI-8 ON* Another system controller is connected to the instrument bus. 


OFF*NORMAL (ENABLE) 
ERR1 INTERRUPTS 


Figure 3 Interrupt Vector 
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Figure 4 1BV11 -A Module Switch Locations 
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IBV11-A 


Interrupt 

Error 

Service 

Command and Talker 
Listener 


Interrupt Vector 

“n” (configured vector) 
n + 4 
n + lOg 
n + 14, 


Preferred vaiue range for “n” = 300 ^ n < 760 

Registers 

The IBV11-A communicates with devices connected to the instrument 
bus under the controi of the program being executed. Ail communica- 
tion between the processor and the IBV11-A is via the instrument bus 
status (iBS) and instrument bus data (IBD) registers. The programmer 
must be aware of the functionai significance of each bit in both regis¬ 
ters before any programs can be written that will control specific de¬ 
vices on the instrument bus. In addition, the programmer must estab¬ 
lish instrument (device) addresses, and conform to the programming 
mies specified for each instrument connected to the instrument bus 
See Figure 5 for a description of the IEEE bus. 


The instrument bus status (IBS) register is simiiar in function to other 
device control/status register (CSRs). The instrument bus data (IBD) 
register is a 16-bit register that contains eight read/write data bits in 
the low byte and eight read-only bits in the high byte. The eight read¬ 
only bits allow the program to read the logical state of the control and 
management signals of the instrument bus. 


The iBS register provides the means for controlling the instrument bus 
control and management signals, and IBV11-A functions relative to 
the LSI-11 bus. The low byte of the IBD register, on the other hand, is 
used for passing commands to devices connected to the bus, and for 
transmitting and receiving data between the processor and talker and 
listener devices. In addition, the high byte of the IBD register aliows for 
processor monitoring of all instrument bus signai (control) lines. IBS 
and IBD registers are shown in Figure 6 and described in Tables 2 and 
3. 
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instrument bus 
SIGNAL LINES 



[■ DI0<1:8> j- « 


I message 
nrfd >■ handshaking 
NDAC 


ATN 

SRQ 

REN 


GENERAL 

interface 

management 


control 

SIGNAL 

lines (8) 


Figure 5 Instrument Bus Signal Lines 
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IBV11-A 


INSTRUMENT BUS STATUS (IBS) 


15 

14 

13 

12 

11 

10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

SRQ 

ER2 

ER1 

NOT 

USED 

NOT 

USED 

CMP 

TKR 

LNR 

ACC 

IE 

TON 

LON 

IBC 

REM 

EOP 

TCS 

INSTRUMENT BUS DATA (IBD) 

15 14 13 12 11 10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

EOl 

ATN 

IFC 

REN 

SRQ 

RFD 

DAV 

DAC 

108 

107 

106 

105 

104 

103 

102 

101 



Figure 6 Register Word Format 

Table 2 Instrument Bus Status Word Format 


MR-1272 


Bit: 15 Name: SRQ 

Description: (Service Request) 

Monitors the state of the instrument bus service request line at all 
times. Set when the IB SRQ line is low. Will cause an interrupt when 
both SRQ and the interrupt enable bits are set. When the ER1-inhibit 
switch is set, this bit will be written by any type of instruction that writes 
into the IBS. Read/write. 

Bit: 14 Name: ER2 

Description: (Error 2) 

Asserted if the IB reports that DAC is true when the IBV11-A tries to 
send a data or command byte. This condition will exist when there is 
no active listener or command acceptor on the IB. An ERR Interrupt 
occurs when both the ER2 and the Interrupt enable bits are set. 
Cleared by clearing both TON the TCS. Read-only. 

Bit: 13 Name: ER1 

Description: (Error 1) 

Unless inhibited by the ER1-inhibit switch, this bit Is asserted when¬ 
ever a conflict occurs between the IB ATN, IFC, or REN lines and their 
IBV11 -A control hardware, I.e., if one or more of these control lines Is 
asserted when It should not be asserted or not asserted when it should 
be asserted. When asserted, the IBV11-A will not assert the ATN line 
even though the TCS bit remains set. An ERR interrupt occurs when 
both the ER1 and the interrupt enable bits are set. This condition can 
be cleared only by clearing the cause. Read-only. 

Bit: 12 Name: Not used 

Description: Always read as a zero. Read-only. 

Name: Not used 
Always read as a zero. Read-only. 


Bit: 11 
Description: 


453 










































IBV11-A 


Bit: 10 Name: CMD 

Description: (Command Done) 

Set when the IBV11-A Is ready to send a command byte; set by a 
successsful TCS to indicate that ATN was asserted and the first com¬ 
mand byte may be issued. Also set by DAC when a command has 
been completely accepted. A CMD/TKR interrupt occurs when both 
the CMD and the interrupt enable bits are set. This bit is cleared by 
INIT, received IFC, writing a command Into the IBD low byte, or by 
turning TCS off. Read-only. 

Bit: 9 Name: TKR 

Description: (Talker Ready) 

Set when the IBV11-A Is ready to send a data byte; set when TON is on 
while TCS Is turned off, or by DAC when TON is on. A CMD/TKR 
interrupt occurs when both the TKR and the interrupt enable bits are 
set. Cleared by INIT, received IFC, writing a data byte Into the IBD low 
byte, or by turning TON off or TCS on. Read-only. 

Bit: 8 Name: LNR 

Description: (Listener Ready) 

Set when the IBV11-A has a data or command byte ready for reading 
from the IBD low byte; set by DAV when LON is on. An LNR interrupt 
occurs when both the LNR and the Interrupt enable bits are set. 
Cleared by reading the IBD low byte If ACC Is off or by clearing the IBD 
low byte if ACC is on. Also cleared when LON Is turned off and by INIT 
or received IFC. Read-only. 

Bit: 7 Name: ACC 

Description: (Accept Data) 

Set and cleared under program control. When clear, reading the IBD 
will automatically clear the LNR and assert DAC. When set, the pro¬ 
grammer must write 0 to the IBD low byte in order to clear the LNR bit 
and assert DAC. When the TCS, LON, and TON bits are all off (clear), 
setting this bit will assert NRFD. Cleared by INIT or received IFC. 
Read/write. 

Bit: 6 Name: IE 

Description: (Interrupt Enable) 

Set and cleared under program control to enable and disable all inter¬ 
rupts. Cleared by INIT. Read/write, 

Bit: 5 Name: TON 

Description: (Talker On) 

Set and cleared under program control to enable and disable the 
talker function. Cleared by INIT or received IFC. Read/write. 
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4 Name: LON 

Description: (Listener On) 

Itenr'l cleared under program control to enable and disable the 
ener function. Cleared by INIT or received IFC. Read/write, 

3 Name: IBC 

Description: (Interface Bus Clear) 

fhl Tf-fc control to cause the IFC line to be asserted for 

about 125 /isec. TCS will automatically be asserted at the end of IBC 
(out-going IFC). Cleared by INIT. Read/write. 

B'*: 2 Name: REM 

Description: (Remote On) 

cteared under program control to assert and unassert the 
REN line. Cleared by INIT or received IFC. Read/write. 

1 Name: EOP 

Description: (End of Poll) 

Set and cleared under program control to assert and unassert the F 01 

Ime. Cleared by INIT or received IFC. Read/write. ^01 

Bit: 0 Name: TCS 

Description: (Take Control Synchronously) 

Set and cleared under program control to take control synchronouslv 
or to u^sort ATN. Sotting TCS Mil couoo NRFD to XoorM°S 

unassorted, NRFD is unasserted and CMD is set no sooner than snn 
ns a er N is asserted. Cleared by INIT or received IFC. Read/write. 

Table 3 Instrument Bus Data Word Format 

Bit: 15 Name: EOl 

Function: (End or Identify) 

Km;"' ® «''- » EOl lino is low. 

Bit: 14 Name: ATN 

Function: (Attention) 

Konlv"" ® Sot whon ,no IB ATN lino Is low 

Bit: 13 Name: IFC 

Function: (Interface Clear) 

Koni;"' "» ® 'PS »->» 'F 
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Bit: 12 Name: REN 

times. Set »t,en the tB REN llhe Is lo». 

Read-only. 

Bit: 11 Name: SRQ 
Function: (Service Request) 

Monitors the state of the instrument bus service request line at a 

times. Set \Nhen the IB SRQ line is low. Will cause an interrupt when 
both SRQ and the interrupt enable bits are set. Read-oniy. 

Bit: 10 Name: RFD 

Function: (Ready for Data) nrfd line is 

Monitors the iB NRFD iine at ali times. Set when the iB NRFD iine 

high. Read-oniy. 

Bit: 9 Name: DAV 

Stars thi^lBDAV^ at ali times. Set when the iB DAV iine is iow. 

Read-only. 

Bit: 8 Name: DAC 

Sto°s thi°iB NDA?iS^^^ all times. Set when the IB NDAC line is 
high. Read-only. 

Bit: 7-0 Name: DI08-D101 

Sng"t'he^B?iow by'rplcks up unlatched 

when a parallel poll response is expected. Writing data to 
Tnes is permitted when TON is set and DAV is ciear, w^®® ^CS and 
ATN are set and DAV is ciear. Otherwise, writing into the iBD 'ow byte 
on the DIO lihee but »ill set DAC it both ACC and 

LNRareset. Read/write* 

The data and command output buffer is cieared by INiT or received 
iFO___ 

Connecting the External Equipment ,. . . 

Connection from the IBV11-A to the first device on the instrument bus 
is via a type BN11A cabie (supplied with the M7954 
in Figured. One end is terminated with a 20-pin connector that mates 
with the 20 -pin connector on the 1BV11-A moduie; the other end s 
terminated with a 24-pin “doubie-ended” connector that conforms to 
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the IEEE 488 1975 standard; the cable can be connected to any device 
conforming to that standard. The double-ended connector contains a 
male 24-pin and a female 24-pin connector in the same connector 
housing. This allows for “linear” and “star” connections to instruments 
connected to the instrument bus, as shown in Figure 8. One BN11A is 
inciuded in the IBV11-A option. 'niimis 

The iinear arrangement shown in the figure includes five devices (or 
instruments), A through E. There is no particular significance to the 

Srthpf^iTi’ h' ‘"t a'ong the instrument bus. 

Unlike the LSI-11 bus, the position along the bus does not structure 
device priority in the system. 

The star arrangement shown in the figure allows five devices to be 
connected by stacking instrument cable connectors on the BNIIA’s 

°°"ble-ended connectors on instrument 
bus cables will normally include captive iocking screws on each con¬ 
nector assembly (two each), allowing stacked connectors to be se¬ 
cured together in a singie assembly. 



Figure? BN11A Instrument Bus Cable 
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Figure 8 Linear and Star Configurations 


The BN11A cable connector pin signal assignments ye “sted i" Jab'® 
4 for each connector. One BN11A cable is required for each IBV11-A 
module in a system. 


Optional Cables 

1. Connect M7954 module to first instrument: 

BN11A-02 2 m (78.7 in.) 

BN11A-04 4 m (157.5 in.) 

2. Connect instrument to instrument: 

BN01A-01 1 m (39.4 in.) 

BNOIA-02 2 m (78.7 in.) 

BN01A-04 4m (157.5 in.) 
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Table 4 BN11A Connector Pin Assignments 


IBV11-A 
Connector Pin 

U 

S 

P 

M 

R 

T 

V 

X 

B 

J 

F 

W 

K 

H 

E 

C 

D 

N 

A 

L 

W 


Signal 

Name 

DI01 

DI02 

DI03 

DI04 

EOl 

DAV 

NRFD 

NDAC 

IFC 

SRQ 

ATN 

(SHIELD) 

DIOS 

DI06 

DI07 

DI08 

REN 

GND(DAVGND) 

GND(NRFDGND) 

GND(NDACGND) 

GND(IFCGND) 

GND(SRQGND) 

GND(ATNGND) 

GND (LOGIC) 


Instrument Bus 
Connector Pin 

1 

1 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


PROGRAMMING 

Example 1~IBV11-A to Listener Device 

This programming example illustrates how the IBV11-A communi¬ 
cates with a listener device. Standard device and vector addresses are 
used, as shown in Figures 2 and 3. Once the program is started, and 
after pointers have been initialized and the IBV11-A has taken control 
synchronously. It communicates with the IBV11-A via an interrupt- 
driven service routine. No “background” program is used; the pro¬ 
gram simply waits until another Interrupt occurs. 
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Communication with the listener device includes the transmission of 
two command bytes (read as words from a message buffer), followed 
by 24 message bytes that program device functions. After all message 
bytes have been transmitted, the program halts (displays HALT PC 
address = 1066). 

A program flowchart for this example is shown in Figure 9; a symbolic 
listing is shown in Figure 10. 



11-5231 


Figure 9 Communicating with a Listener Device (Program Flowchart) 
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OCTAL 


ADDRESS 

CODE 

0 ^ K) 4 3 () 

001020 

000432 

000200 

001000 

012706 

001002 

000500 

001004 

012700 

001006 

002000 

001010 

012737 

00.1012 

000110 

001014 

160150 

001016 

000777 

001020 

020027 

001022 

002004 

001024 

100006 

001026 

012737 

001030 

000105 

001032 

160150 

001034 

012037 

001036 

160152 

001040 

000002 

001042 

020027 

001044 

002004 

001046 

003003 

001050 

012737 

001052 

000144 

001054 

160150 

001056 

020027 

001060 

002064 

001062 

100364 

001064 

000000 


A S S E M B1.. E R S Y N T A X C 0 h h lii; N IS 


f 

f 

start: moo #500yR6 f 
MOO #2000rRO ? 
MOO #:l.lOr 160150 T 

f 

? 

wait: BR ♦ ; 

CMF‘ R0>#2004 , 

BPL 20$ J 

MOO #105^160150 ? 

y 

y 

SEND: MOO (RO) + y160152? 


RTI ; 

y 

20$: CMF' R0y#2004 ? 

BGT 30$ ; 

MOO #144y160150 ? 

y 

y 

30$: CMF’ R0y#2064 ? 

BMI SEND ; 

HALT j 


IN T R R E r U R N A D D R F S S 
PSW 

SET UP STACK POINTER 

RO IS MSG BUFFER ADDRESS 

TAKE CONTROL 

S Y N C H R 0 N 0 U S t.. Y T 0 B E C 0 M F 

CONTROLLER-IN-CHARGE 

WAIT FOR INTERRUPT 
MORE COMMANDS TO BE SENT? 

IF NOyGO TO 20$ 

IF YESySET IEyREMyAND 
TCS BITS OF IBS REG TO 
ACT10ATE CONTROLLER 
SEND MSG TO IB 

RETURN TO WAIT.FOR 

MSG TO BE ACCEPTED 
IS TALKER ACTIOE? 

IF YESyGO TO 30$ 

OTHERWISE SET lEyTON 
AND REM BITS OF IBS REG 
TO ACTIVATE TALKER 
HAD ALL MSG BEEN SENT? 

IF NOyGO SEND ANOTHER MSG 
OTHERWISE STOP 


11-5232 

Figure 10 Communicating with a Listener Device (Program Listing) 
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Example 2—IBV11-A to Talker Device 

This programming exampie iiiustrates how the IBV11-A 
communicates with a talker device. As in exampie 1, this program¬ 
ming example assumes standard IBV11-A device and interrupt vector 
addresses. Communication between the instrument and the LSi-11 
system is via IBV11-A interrupt-driven service routines. No back¬ 
ground program is used; the program simply waits untii another inter¬ 
rupt occurs. 


Communication with the instrument invoives first transmitting the con¬ 
tent of the command message buffer, in a manner simiiar to the 
program operation described for exampie 1, foiiowed by accepting 
instrument output data and storing it in a received data buffer. The 
content of the command message buffer typicaily inciudes first acti¬ 
vating the device via its listener address, foiiowed by setting up range 
mode, operating parameters for the instrument, an execute com¬ 
mand, and finaliy, activating the device as an active talker via its taiker 
address. Once the device has received the command message buffer 
data, it performs the programmed measurements (or the function, 
depending on the instrument) and returns data to the LSI-11 system 
via the IBV11-A. Note that during this portion of program operation, 
the iBV11-A functions as an active iistener on the instrument bus. 
Once ali measurements have been stored by the program, the pro¬ 
gram haits with a dispiayed PC address = 1102. 

A program fiowchart for this exampie is shown in Figure 11 and a 
symbolic program iisting is shown in Figure 12. 
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Figure 11 Communicating with a Talker Device (Program Flowchart) 
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address code assembler syntax 

000430 001024 

000432 000200 

000434 001056 

000436 000200 


COMMENTS 

i COMMAND/TALKER INTR 
J RETURN ADDRESS 
f PSW 

f LISTENER RETURN ADDRESS 
r PSW 


001000 012706 STARTJ 

001002 000500 

001004 012700 

001006 002000 
001010 012701 

001012 002500 

001014 012737 

001016 000110 
001020 160150 

001022 000777 WAITJ 

001024 012737 

001026 000105 

001030 1^0150 

001032 022700 

001034 002024 

001036 001404 

001040 012037 

001042 160152 

001044 000002 

001046 012737 20$J 

001050 000320 

001052 160150 

001054 000002 

001056 013721 

001060 160152 

001062 022701 

001064 002540 

001066 001403 

001070 005037 

001072 160152 

001074 000002 

001076 005037 30$: 

001100 000000 


MOO ♦500rR6 
MOO *2000rRO 
MOO *2500rRl 


f SET UP STACK 
; IB011~A MSG BUF-FER 
? buff for RECEIOED MSG 


MOV *110,160150 ; TAKE CONTROL SYNCHRONOUSLY 
i TO BECOME CONTROLLER" 

; IN~CHARGEyC I-C 

^ ; UAIT—FOR interrupt 

MOO #105^160150 f PREPARE TO SEND 
* f'nwMAMTi MFRSAGES 


rwP *r^O'^AfRO f had ALL COMMANDS 
J BEEN SENT? 

BEQ '^0$ * II"' yes»GO TO 20$ 

MOO 7r0)+.160152J OTHERWISE SEND MSG 


RTI 

MOO #320^160150 


i RETURN TO WAIT"-~FOR 
i MSG TO BE ACCEPTED 
r IB011~A SWITCHES FROM 
f CONTROLLER TO LISTENER 


RTI 

MOO 160152!»(R1) 

CMP #2540»R1 

BEO 30$ 

CLR 160152 


; RETURN TO WAIT — 
i FOR DMM MSG 

SAOE THE RECEIOED 
J MSG IN R1 
; HAD 20 (OCTAL) MSG 
f BEEN ACCEPTED? 

J IF YESrGO TO 30$ 

; OTHERWISE ISSUE DAC 


RTI 


CLR 160152 
HALT 


; RETURN TO WAIT--FOR 
J ANOTHER DMM MSG 
? ISSUE DAC TO IB 
f STOP.20 MSG RECEIOED 


11-5235 


Figure 12 Communicating with a Talker Device (Program Listing) 
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KPV11-A,-B,-C 

POWER-FAIL/LINE-TIME 

CLOCK/TERMINATOR 

GENERAL 

The KPV11 is an LSI-11 power-fail/line-time clock (LTC) gener¬ 
ator. Three versions of the KPV11 are available: KPV11-A, 
which has only power-fail and LTC functions; KPV11-B, which 
has 120 Q bus terminations in addition to the power-fail and 
LTC; and KPV11-C, which is similar to the KPV11-B, but has 
220 Q bus terminations. The KPV11 is compatible with all LSI- 
11 component systems and LSI-11 backplane options. It is de¬ 
signed for installation into any LSI-11 bus-structured back¬ 
plane or remote installation (not installed into a backplane) via 
an optional cable which connects the KPV11 to the LSI-11 
backplane. In order to use the KPV11-B or KPV11-C as bus 
terminators, they must be installed in the LSI-11 backplane. An 
optional console panel and bezel are available for manual con¬ 
trol of the LTC and the display of dc power on/off status and the 
processor run/halt state. 


FEATURES 

• Automatic generation of BPOK and BDCOK power-up/power-down 
signal sequence 

• Automatic program restoration and starting when used with non¬ 
volatile memory and appropriate software routines 

• Line-time clock time reference provided by a signal source (user- 
supplied) other than the power line 

• KPV11-B and KPVII-C provide bus termination when plugged into 
an LSI-11 backplane 

• Can be installed into the LSI-11 backplane or mounted remotely. An 
optional cable (DIGITAL part no. 70-12754) connects the KPV11 to 
the LSI-11 backplane 

• Expandable with the 54-11808 console panel option 
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SPECIFICATIONS 

Identification 


KPV11-A,-B,-C 


Size 

Power 

System DC 
DC Sensing 
Inputs 

AC Line Monitor 
Input 

Bus Loads 
AC 
DC 

Options 

54-11808 

70-11656 

70-12754 

70-086120 


M8016(KPV11-A) 

M8016-YB(KPV11-B) 

M8016-YC(KPV11-C) 

Double 

+5 Vdc ±5% at 560 mA 

+5 Vdc ±5% at 0.11 mA 
+ 12 Vdc ±3% at 0.82 mA 

24 Vac ± 10% at 200 mA with 
grounded center tap (Figure 4) 

1.6 

1.0 

Console Panel (PC assembly) 
Console Bezel 

Remote Signal Cable (for remote 
mounting of KPV11) 

Console Signal/Power Cable (for 
connecting optional console pan¬ 
el to the KPV11) 


DESCRIPTION 

General 

The KPV11-A provides two main functions—power signal sequence 
circuits and programmable line-time clock circuits. The KPV11-B and 
KPV11-C have, in addition, bus termination circuits, 120 Q for the 
KPV11-B and 220 12 for the KPV11-C. All KPV11 modules have an 
interface for the optional console panel. Figure 1 Illustrates the basic 
KPV11 functions. 
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REMOTE REMOTE 
SIGNAL DC ON/ 

CONNECTOR OFF 

(OPTIONAL) 

Figure 1 KPV11 Functional Block Diagram 


Power Signal Sequence Circuits 

The power signal sequence circuits generate the proper LSI-11 bus 
power sequencing signais (BPOK H and BDCOK H) for the processor 
power-up/power-down sequence and line-time clock interrupts at the 

power line frequency. Figure 2 iliustrates the KPV11 power signal se¬ 
quencetiming. aw 

Power signai sequence circuits are shown in Figure 12. Operating 
power for these circuits is obtained from the 24 Vac, 50 Hz or 60 Hz 
input at the two ac terminals and GND. Conventional full-wave rectifi- 
ers produce +17V and -17V operating voltages for the ac line monitor 
Schmitt trigger (Q1 and Q2) and a 5V, 3-terminal regulator; the regula¬ 
tor +5V is distributed throughout the power signal sequence circuit for 
operating power. 
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Power-Up - During the power-up sequence, ac voltage from the 

transformer secondary is applied to a Schmitt 
Q2). The Schmitt trigger squares the ac sine-wave and Jnves level 
converter Q3. Q3’s output is a TTL-compatible signal The square 
wave signal is applied to two 10 ms (nominal) one-shots (and the LTC 
circuits? One one-shot triggers on the positive-going transition of the 
square wave signal and the other triggers on the ':'® 9 ative-going t^n- 
sition. The one-shot outputs are ORed, producing a h'gMnormal) 
output at gate E6-13. Normally, one or the other one-shot will be m the 
set state. ?f a transition of the square wave signal is not by a 

transition of the opposite polarity within 20 ms, both one-shots w 
time out and tha iSgic slsnal at E6.13 »ill go low; this ,a a powar-lail 

condition. 

During a power-up sequence, voltage sense +5V and -H2V (remote 
sense? or^+5V and -I-12V (LSI-11 backplane voltages) inputs rise to 
TtSa lavals that oauaa voltage comparators A smd B to P'f ^ 

outputs. Tlie comparator outputs are connected and appli^ to one 
input of gate A. The remaining input of gate A is enabled by the 
no?-mally high gate E6-13 signal, which is applied (but "ot delayed) via 
the 3 ms delay circuit. Gate A's output goes high. This signal is then 
delayed 17 ms and inverted, producing a low signal which is ®PP''®b to 
the Jlon-inverting Input of comparator C and gate 
output goes low, turning off Q4 and producing an active BDCOK H 
signal 17 ms (minimum) after ac power is applied. 



SEQUENCE 


lt-4894 

Figure 2 Power Signal Sequence Timing 
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Gate C's output goes high, enabling gate B. The ® 

input is enabied by the high gate E6-13 output signal. Gate Bs high 
output signal is delayed 70 ms and inverted. ® low sign^ 

IE10-10) which is applied to the non-inverting input of comparator D. 
Colararor D-s output signal goes low. turning off Q5. and prodoang 
fhe achle BPOK H signal 70 ms after the active BDCOK H signal. With 
both signals in the active (high) state, normal system operation can 
proceed. 

Power-Down - When an ac power failure occurs. 'P® 
the one-shots cease, and both one-shots time out. G^e 9°®® 

low inhibiting gate B. and initiating the 3 ms delay. (E6-4 signal volt¬ 
age starts to rise from the logical low state). Gate B’s output goes low 
this low signal is inverted, but not delayed, by the 70 ms delay circuit, 
and the resulting high signal is applied to the non-inverting input o 
comparator D. Comparator D's output goes high. ^ 

negating BPOK H. Meanwhile, the 3 ms delay circuit, after the 3 ms 
dS produces a lo» signal at E10.t4. A lo» signal f “ 

causing its output signal to go low. The low signal is inverted (but not 
delayed) by the 17 ms delay circuit, and applied to the non-inverting 
“ul of’oomparator C, Comparator C's dutput |00s 
Q4 and negating the BDCOK H signal 3 ms after ^POK H becomes 
neoated. Q6 monitors the 17 ms delay circuit output and produces the 
DC ON H signal for the remote console panel display. When dc vot- 
anas are normal, EtO-t 2 goes lo..; 06 cuts oil and DC ON H goes Itigm 
When dc voltages are not present, E10-12 goes high; 06 torhs on and 
negates DC ON H. 

When the remote console panel is connected to the KPV11. the DC 
ON/OFF switch can simulate a power line failure and control the user s 
power supply. The simulated power line failure occurs when a low DC 
POWER ON H occurs (DC OFF switch position). This low s gn^ 
produces a low signal that clears both one-shots, and the simulated 
power failure results. 

Remote control of the user's power supply is made possible via the 
REMOTE DC ON/OFF etched pad. The signal present at this PO'"t's 
the 3 ms delay circuit signal (E10-14) inverted by when 

normal line voltage is sensed and the remote console pane DC 
ON/OFF switch is not in the OFF position, this signal goes low, actuat¬ 
ing a control circuit in the user's power supply that turns dc voltages 
on When this signal is high-a result of power-fail or placing he 
remote console panel DC ON/OFF switch in the OFF position-the 
user's power supply dc output voltages should turn off. 
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console LTC ON/OFF switch enable/disable, and manual/-pro- 
grammable operation. Additional jumpers (W1-W10) select the device 
addTe^s for the LKS register. Jumpers are factory-configured as 
shown in Figure 8. 

Program access to the LKS register is via 

iumoers W1-W10. The processor first places the KPV11 L 9 
addSs Tn BDAL (00:15) L and asserts BBS7 L. Note that BBS7 L is 
asserted only during an addressing operation (00 2^ 

are asserted; hence, the address decoders receive °"'yBDAL (00^1^2) 

L and BBS7 L. Device selection occurs on 'f’®^ ^s 
L. If the address input matches the jumpered address LKS H goes 

high (true), and remains true for the duration of the LSI-11 bus cycle. 

Two flip-flops comprise the two significant bits of *^® ^J^®''®^'®'®'’; p)! 
eTs produced by the LTC enable flip-flop. Similarly, bit 7 is produced 

by the LTC monitor flip-flop. 

During a programmed write 

portion of DATIO. or DATIOB bus cycie). LKS L (LKS H ™ted) a 

BDOUT L are ANDed to produce an H into 

The leading edge of LKS H clocks the logical state of BDAL06 H rito 

the LTC ENB flip-flop, enabling or disabling LTC interrup s. 

MON flip-flop, however, can be preset only during the \wri e 
that the LTC MON flip-flop, when preset, is read as a logical 0 via the 
flio-flop’s Q output; when the flip-flop is reset, it is read as a bgicai 1. 
SSaLo" L (0 = high) is ANDed with WRITE LKS H. producing a low 
signal that presets the flip-flop; MONITOR H then goes low. 

Normally the LTC ON/OFF input to El0-5 is passive (high), producing 
aZ?kVo 6 that eaablas AND 9«e Input E 13 - 12 . When .ntarrupts 
are enabled. LTC ENB (I^L enables E13-11 and E13-13 goes high^ 
This signal then enables one input of the BEVNT L bus driven 
remaining bus driver input is the LTC H signal. Thus, when LTC H goes 
high. BEVNT L goes low. and the LTC interrupt request is presen 

the processor. 

The leading edge of LTC H also clocks the LTC MON flip-flop to the 
reset state, and MONITOR H goes true (high). MONITOR ^ conditions 
one input of the BDAL07 H bus driver. During a read cycle. ^ATI (o 
r,aTp poN,on Of thP DATIO cda), LKS L, L a,e patpP » 

produce an active (high) READ LKS H signal. READ LKS H enables 
both BDAL07 L and BDAL06 L bus drivers, gating the monitor and 
interrupt enable status bits onto the LSI-11 bus. 

During both programmed read and write bus cycles, the KPV11 must 
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■respond by asserting BRPLY L. READ LKS L and WRITE LKS L are 
ORed and applied to the BRPLY L to produce the appropriate device 

response according to LSI-11 bus protocol. M are aevice 

The optional console panel includes the LTC ON/OFF switch When 
ETip high. inhiSg 

When manual-only LTC operation Is deslrep, WI3 Is removed and 
W12 IS installed. El3-11 is continuously enabled and LTC interrupt 
can be disabled via the console panel LTC ON/OFF switch- 
W14 must b© instalisd for this oporation. * 

Bus Terminations 

Ion n provides 120 Q bus termination, while the KPV11-B has 

220 U bus terminations. Each bus signal line termination includes two 

resistors are contained in 
16-p n dual-in-line packages that are physically identical to integrated 

S package contains 14 terminations. Daisy- 

chained grant signals are jumpered but are not terminated. BIAKI L is 
jumpered to BIAKO L and BDMGI L is jumpered to BDMGO L. 


+ 5V 


lieofl 


+ 5V 


330fl 


TO/FROM_ 

SIGNAL LINE 


TO/FROM _ 

SIGNAL LINE 


J 390 n 
120 A 

TERMINATION 

(KPV11-B) 


I 


680 n 


220A 

TERMINATION 

(KPVn-C) 


Figure 5 KPV11-B and KPV11-C Bus Terminations 

Console Panel Interface 

The option console panel interfaces with the system via the KPV11 
module as shown in Figure 6. The DC ON indicator (D1) is driven 

direct y by the DC ON H driver (Q6) in the power signal sequent 
circuit. 

The RUN indicator is driven by the processor-generated SRUN L sia- 
na pulse. The 200 ms one-shot receives a continuous series of trigger 
pulses, when the processor is in the “run” (program execution) state. 
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that keeps the one-shot in the retriggered state. When in this s^te, 'he 
one-shot produces a high signai that turns the RUN jnd'cator (D2) via 
the LED driver. When the processor is hatted, the 200 ms one-shot 
times out, and the RUN indicator extinguishes. 
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Figure 6 Console Panel Interface 
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The three console switches each include a "debounce” circuit com¬ 
posed of cross-coupied inverters. DC ON/OFF and LTC ON/OFF func¬ 
tions are used as previously described for power signal sequence and 
programmable line-time clock circuits, respectively. 

(by not asserting 

BHALT L) or halts the processor; when halted, console ODT micro¬ 
code operation is invoked. An R-C filter and BHALT L bus driver 
circuit on the KPV11 module interface this function to the LSI-11 bus. 


CONFIGURATION 

General 

The KPV11 can be installed into any LSI-11 system backplane or into a 
remote installation (not installed in a backplane). All KPV11 installa¬ 
tions require a user-supplied, 24 Vac, center-tapped transformer ca¬ 
pable of supplying at ieast 0.2 A. Remote KPV11 installations also 
require the optional remote signal cable (part no. 70-12754) Users 
requiring manual control of the LTC and desiring the display of dc 
power on/off status and processor run/halt status need the optional 
console panel, console bezel, and console signal/power cable. Mount- 

ing hardware for the console panel and remote installation must be 
provided by the user. 


Configuring LTC Jumpers 

LTC jumpers are located on the KPV11 module as shown in Figure 7 
and are factory-configured for programmable operation with the LKS 
(line clock status) register at address (177546) as shown in Figure 8. 
Normally, it will not be necessary to reconfigure LTC jumpers; how- 
possible to alter LTC operation as listed in Table 1 and the 
LKS device address as shown In Figure 8 and listed in Table 2. 
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• = MAY USE 4-40 HARDWARE 

• « = Remowe for 50 Hz operotiorr 11-4836 


Figure 7 Jumper, Connector, Resistor, and Pad Locations 
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KPV11-A,.B,-C 



BIT 

PREFERRED 

ADDRESS 

(177546) 


BANK 7 ADDRESS 
(BBS7 L ASSERTED) 
ADDESS JUMPER W1 


W2 W3 W4 W5 W6 W7 


FIXED DECODED 
"6" BY 

W8 W9 W10 LOGIC 


I I I I I R r 


R FACTORY JUMPER CONFIGURATION 
I = INSTALLED = "1" 

R = REMOVED = "0" 

t'-4837 


Figure 8 Device Address (LKS Register) Jumpers 


Table 1 LTC Jumpers 


Jumper 

Installed 

Removed 

W12 

Enable manual control 

or continuous LTC 
interrupt request oper¬ 
ation. Do no install 
when W13 is installed. 

'Disable continuous or manu¬ 
al operation. 

W13 

*LTC interrupt re¬ 
quests can be enabled 
and disabled by pro¬ 
gram. Do not install 
when W12 is installed. 

LTC interrupt requests cannot 
be program controlled. 

W14 

'Console (optional) 

LTC ON/OFF switch 
enabled. 

Console LTC ON/OFF switch 
disabled. 

W15 

*LTC signal occurs at 
the power line frequen¬ 
cy. 

LTC frequency is determined 
by an external source via EXT 
TIME REF etched pad on mod¬ 
ule. 


Factory-jumpered configuration 
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KPV11-A, -B,-C 

Table 2 Standard Assignments 


Description 

Mnemonic 

Read/ 

Write 

First 

Module 

Address 

Register 

Line Ciock Status 

LKS 

R/W 

177546 

Vector 

None 





Installation in the LSM1 Backplane 

The KPV11 module can be installed in any LSI-11 backplane. The 
KPV11 may be inserted into any option location when not used as a 
terminator This option does not require the use of the daisy-chained 
grant signals (BIAK L and BDMG L) and is not priority dependent on 
device position in the backplane. 

When used as a terminator (KPV11-B and KPV11-C), the moduie is 
inserted after the last module in the last backplane. 

When the optional console panel is used with the terminator option 
and the RUN indicator is desired, the foliowing must be performed. 

• Insert the KPV11 module in the last option location in the backplane 


system. . ^ 

. Connect a wire on the backplane from pin CHI or AH 1 on the KPV11 
module to the SRUN L signal on the P'^ooessor module. The wi e 
must not exceed the length of the LSI-11 bus. This signal is located 
on pin AH1 of the processor. 

ThrKpVlTopt?on°can be mounted in a remote location (not instailed 
m a backplane), as desired. Mounting hoies are provided m the mod¬ 
uie for this purpose. Mounting details (mechanical) are shown in Fig- 

NOTE 

Program control of the LTC function and bus 
termination is not possibie when remote instaliation 
is used. Hoever, manual control of the LTC function 
is available via the optional console panel. 

Electrical connection between the KPV11 option and LSi-11 busis 
made via a 10-pin connector (J1) on the KPV11 and a 10-pin connec¬ 
tor on the backpiane (H9270 or DDV11-B) in which the processor is 
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installed The optional signal cable (part no. 70-12754) provides the 
eiectncal connection between the two 10-pin connectors^ ^ 

Etched^ ^ baokpla™. 
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KPV11-A, -B,-C 

are located as shown in Figure 7. Connect the +5V. +12V and GND 
pads to the respective LSi-11 backplane power terminals. 

If the optional console panel is to be used and indicator 

fimrtion is desired a wire must be instalied between the SRUN L pin 
(Din 3) on the 10-pin connector on the backplane and the processor 
module pin AH1. A wire is normally factory-installed for this purpose 
on all backplanes except DDV11-B backplanes. 

^rerSsoMhTKTvi^^^ 

^ RO H^reference for the LTC function, and is the power-fail 
monitor signai for the power signai sequence circuit. This voltage must 

pp ed b the use^. A transformer can be connected as shown n 

Sure 7 for this purpose. When the KPV11 is used with a 50 Hz inp^ 

voSge, resistors R35 and R54 must be removed 

time to compensate for the change in frequency. The location of 

resistors is shown in Figure 10. 

1 115VOC.60HZ 

Wo SYSTEM POWER 
' SUPPLY AND FANS 



(A) 115V CONNECTIONS (TYPICAL 


SWITCHED 

230Vac 

50Hz 


230Voc,50Hz 
TO SYSTEM POWER 
SUPPLY AND FANS 


TO KPV11 
24\/QC INPUT 

terminals 


(B) 230V CONNECTIONS (TYPICAL) 


amp fast BLOW FUSES ARE RECO^^^^DED 
on THE AC INPUT LINES TO PROVIDE ADEQUATE 
PROTECTION TO THE KPV11. 


PKUI tv-r I lur* iw I nu *••• 

Figure 10 Power Line Monitor Transformer Instailation 
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Installing Console Panel 

El^ctSl conneJtion^^ 11- 

Tssemblv ^Th^*" integrated circuit sockete Sed ^nlrch 



Figure 11 Console Panel Installation 
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KPV11-A, -B,-C 

. th^ LTC ON/OFF and RUN/ENABLE switch functions, 

in addition to the •- nN/OFF switch This switch, when in 

,he console signal generalion. II 

the OFF position, disables ^DCOK H and BKU^ g 

logical low (DC ON) state. The logical high state is the D 
tion. 

fo iheSTL anS pads. tW Iraquenc, source must beTTL logic 
rorpa'^e- the K?VI 1 presents three TTL loads to the source, 

con'rpaXtlon controls and Indicators are sho»n In Figure 
12 and described in Table 3. 



Figure 12 Console Panel Controls and Indicators 

(P/N 54-11808 and 70-11656 shown) 
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Table 3 

Control 

Indicator 


Console Panel Controls and Indicators 

Function 



DC ON 


RUN 


Spare 

DC ON/OFF 


LED Indicator 


LED Indicator 

LED Indicator 

Two-position Toggle 
Switch 


Illuminates when the 
DC ON/OFF toggle 
switch Is set to ON 
and proper dc output 
voltages are being 
produced by the 
user’s power supply 
and sensed by the 
KPV11 option. 

If either the +5V or 
+12V output from the 
power supply Is faul¬ 
ty, the DC ON indica¬ 
tor will not illuminate. 

Illuminates when the 
processor is in the 
run state (see EN¬ 
ABLE/HALT). 


When set to ON, en¬ 
ables dc outputs of 
the user’s power sup¬ 
ply (if connected to 
this function—see in¬ 
structions for instal¬ 
ling the console pan¬ 
el). The DC ON indi¬ 
cator will illuminate if 
the dc output 
voltages are of prop¬ 
er values. 

When set to OFF, the 
power supply dc out- 
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Table 3 Console Panel Controls and Indicators (Cont) 


Control 

Indicator 


enable/halt 


LTC ON/OFF 


Type 


Two-position Toggle 
Switch 


Two-position Toggle 
Switch 


Function 

puts are disabled and 
the DC ON indicator 
is extinguished. 

When set to ENABLE, 
the BHALT L line to 
the processor is not 
asserted and the 
processor is in the 
run-enable mode 
(RUN indicator is illu¬ 
minated only when 
the processor is exe¬ 
cuting a program). 

When set to HALT, 
the BHALT L line is 
asserted. The proces¬ 
sor halts program ex¬ 
ecution and executes 
console ODT micro¬ 
code. The RUN indi¬ 
cator is extinguished. 

When setto ON, en¬ 
ables KPV11 option 
generation of LTC in¬ 
terrupts. When set to 
OFF, disables LTC in¬ 
terrupts (W14 must 

be installed). 


Po2er"d^own an°d Power-up Routines - Power-down and power-up 
routine examples for systems using core memory Provided in 
Fioures 13 and 14 The power-down routine shown provides an order- 
7;ower down sequence of the system and s-es the conten s of the 
oeneral-purpose registers along with the stack pointer and 
Lsor StLs^Word. Other device registers which the user desires save 
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NAME-(SP) inSuSti^n" through the use of the MOV @ 

TheCstMoJ^nsIruTtfo^^^^^^ 

address with the address of a HALT mstruct^n ($i?m T^ 
an erroneous power-uo attpmnt w. • ($HLT). This prevents 

cutlon. A Z T® routine exe. 

on the etacTrne °lrd "’"'o"® 

saves the SP in iocation SSAVpn instruction, however, 

for this 0urpo«,She ifsuZjsf "fo Proprsm 

address ($PWRUP) for the onw^r routine. The starting 

«on 24, rep "c™Te “ "L"" 

halts and the Z'er dVr^equ^nc^^^^^^^^^ 


$PWRDN; 


MOV #$HLT,@ #24 

MOV R0_(SP) 

MOV R1_(SP) 

MOV R2—(SP) 

MOV R3_(SP) 

MOV R4,_(SP) 

MOV R5,—(SP) 

MOV ©NAME,—(SP) 


;DISABLE FALSE 

'■restart sequence 

.PUSH RO ON STACK 
-PUSH R1 ON STACK 
-PUSH R2 ON STACK 
-PUSH R3 ON STACK 
:PUSH R4 ON STACK 
:PUSH R5 ON STACK 
iSAVEANY 

;Necessary device 
-■registers 


$HLT; 


$SAVR6: 


MOV SP,$SAVR6 
MOV #$PWRUP,@#24 

HALT 


WORDO 


;SAVESP 

-•SET POWER-UP 

-VECTOR 

-POWER-DOWN 

-SEQUENCE 

-DONE, READY FOR 

;POWER-UP 

-SEQUENCE 

;SP SAVED HERE 


Figure 13 Power-Down Routine Programming Example 
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$PWRUP; 


KPV11-A, -B,-C 


MOV 

MOV 

MOV 


#$1LLUP,@#24 

$SAVR6,SP 

(SP)+,@NAME 


;SET FOR FAST DOWN 
’;GET SP 

;RESTORE ANY DEVICE 
;REGISTERS SAVED 


$PWRMG; 

$ILLUP: 


$POWER: 


MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

TYPE 

WORD 

RTI 

HALT 


BR 


(SP)+,R5 

(SP)+,R4 

(SP)+,R3 

(SP)+,R2 

(SP)+.R1 

(SP)+,R0 

#$PWRDN, 


;POP STACK INTO R5 
•POP STACK INTO R4 
■POP STACK INTO R3 
■POP STACK INTO R2 
•POP STACK INTO R1 
■POP STACK INTO RO 


@#24 


UP THE power¬ 
down VECTOR 

report the power 


$POWER 


.2 


FAILURE 

POWER FAIL MESSAGE 

POINTER 

THE POWER-UP 

SEQUENCE WAS 

STARTED 

before the POWER- 

iDOWN 

;WAS COMPLETE 


.ASCII <15><12>“POWER” 


Figure 14 Power-Up Routine Programming Example 


When interrupt vector location 24. The 

tine’s starting address {$PWRUP) m me P 

power-up routine shown 6\sabm ia\sB po^er- 

locations shown in the powe etack oointer respectively. The 

down sequences and restoring sequence of 

first two MOV instructions processor registers, 

MOV if pstuction writes the starting address 

stack and normai program execution is restored. 
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S?mrr20 ms‘'^,?erva!s ?k T"'' “"’® *"*« 

(60 Hz or 50 Hz, respective^ lti«r.n source 

cy source and usTan exSn«, t'’® '*®® frequen- 

program communicates with thrLTc‘fuS‘^'‘^® (user-supplied). The 
(Figure 15) contained in the KpJl i^oo ^®9‘®‘®^ 

device address is nor^aircon^gured to 

compatibility. ^ 177546 for system software 


LKS (177546) 



interrupt enable 

1 = ENABLE 
0*DISABLE 
(READ/WRITE BIT) 
monitor 

(REAO/WRITE [clear-only] BIT) 


Figure 15 


Line-Time Clock Status Register (LKS) 


LTC interrupts, when enabled fLKS hit « - 
request (bus low assertion) on the BEVNT i ^ interrupt 

the processor to execute a serv^p ^ ®®uses 

Memory location 100 must mnt • '"® vector address 100. 

LTC service rZne sSrlv mpl^®,'^'' ^^^ress) for the 

PS (processor status word) for the sir ^ust contain the 

nar interrupts, the processor will recoglizVthlTTC^mrr*^ f 
only when current PS bit 7 is cleared Whe^ PS^bi T T 
interrupts, including the LTC internmt PS bit 7 = 1, external 

has highest priority of all exterllnS’ '■"‘®r^upt 

vector addrei bus transferAlS^^^^^^^^ """ ® 

signal line, as previousrsmtPH 17 ^ ^^VNT L bus 

routine via vector address 100 I'esults in access to the service 

<>p-«o" - de- 

optional console panel the ooeratnf ®iso includes the 

function by settinrthe ltc opI ^TC 

When set to the OFF position the LC s *7 desired position, 

and LTC operation is disabled. W14 mu^e ii:tre77rt?^ 
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KWV11-A programmable REAL-TIME CLOCK 
SC'lvA ,s a 

ty of means for determining ti ^ at predetermined inter- 

used to generate interrupts J g^^etween input and output 

vals, or to synchronize t ® ADV11-A analog-to-digital 

Th^clock counter has a ^gncle^ 

any of five internai by anexter- 

from a'‘"® ^ operated in any of four programmable 

modes single interval, repeated interval, external event timing, and 

sponse to external events. 

features 

: SrnrrJan'bTan ax»rn.l mpu. »' f™- 

frequencies 

Four programmable modes 
_I cinnAl k 




SPECIFICATIONS 

Identification 
Size 
Power 

Bus Loads 
AC 
DC 


M7952 

Quad 

+5 Vdc ±5% at 1.75 A 
+ 12 Vdc ± 3 % at 0.01 A 

3.4 

1 


Operational 

Clock 

Accuracy 

Range 


0 . 01 % 

Base frequency (10 MHz) divided 
Into five selectable rates (1 MHz, 
100 kHz, 10 kHz, 1 kHz, 100 Hz); 
line frequency; Schmitt trigger 1 
input 
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Input Signals 

ST1 IN (Schmitt Trigger! Input) 

Input Range 
m(maximum limits) 

Assertion Level 


Origin 

Response Time 


Hysteresis 

Characteristics 

ST2 IN (Schmitt Trigger 2 Input) 
Same description as ST1 IN 
Output Signals 
CLK OV (Clock Overflow) 
Asserted Level 

Destination 

Duration 

Characteristics 


ST1 Out (Schmitt Trigger 1 Output) 
Same description as CLK OV 

ST2 Out (Schmitt Trigger 2 Output) 
Same description as CLK OV 


-3V to +30V 

Depends upon position of slope 
reference selector switch and lev¬ 
el control; triggering range = 

-12 Vto -I-12V 

User device 

Depends on input waveform and 
amplitude; typically 600 ns with 
TTL logic Input 

Approximately 0.5V, positive and 
negative 

Single-ended input; 100 Kfi im¬ 
pedance to ground 


Low 

User device or ADV11 -A 

Approximately 500 ns 

TTL open-collector driver with 
470 fi pull-up to +5V 

Maximum source current from 
output through load to ground 
when output is high (^2.4V)- 5 
mA 

Maximum sink current from ex¬ 
ternal source voltage through 
load to output when output is low 
(^0.8V): 8 mA 
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description 


General 

Functions making up the 


KWV11 -A are shown in Figure 1. 
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’’'OP- oon,. 

Thic protocol between the processor bus and the KWVii a 

Interrupts can be enabled for both counter overflow and operation of 
frlL! conditions raises a flag butn the con 

Control/Status Register 

interrupts, mode selection, maintenance operations startinn th^ 
counter, and overflow and Schmitt trigger event monitoring. 

Mode Control 

"xxle control block pormlts 
the CSR "’“O'* “ cPcc’fW Py bte S , Of 

iSsis-s 
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permitting the program to read the value held in the 

The counter continues to run after the ST2 event ^so conh^ues to 

run after overflow. Interrupt on Overflow may be enabled 
program to the overflow condition. 

Mode 3 (External Event Timing from Zero Base) Operation in 
ZTe 3 ii identical to that in mode ^ -ceP^ 
each time an ST2 event loads its contents into the BPR. 

Flag Overrun - In all modes, if a second overflow occurs before the 
Overrun bit is set. 

“”=xSS:scrJS.^s:= 

50 o, M W pickKi UP from bus line BEVNT ExternsI penoPic o, 
aperiodic pulses may be applied to ST1 and counted. 

program in these modes as long as the GO bit is set. 

ThP rounter is a 16-bit internal register accessible only by 

2 anVo I. can be reed Indirecll, Ibreugh the BPB. 

u'ggers a,e equipped 

rj.yetd*^^^ pLnllome.e, to Pa™« “f f 

mSsboid level S»ltch pack and potentiometer ternunals are all 
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brought to multiple connector J1 to permit attachment of external 
user-provided slope and level controls. external 

The two Schmitt triggers are used in somewhat different ways. 

external time base input or external input for 
periodic signals to be counted. Outputs both to ST1 Faston connec¬ 
tor to provide external start signals to ADV11-A and, through rate 
control circuitry, to permit selection as input to the counter Maximum 

frequency varies as a function of input waveform. 

thP^rvtTf" ^''■'"9 ^‘'■2any mode sets 

counter action, causes the ST2 flag to be 

theSin« interrupt if that function is enabled When 

the GO bit IS set in modes 2 and 3, firing ST2 causes the buffer/preset 
register to be loaded from the counter, the ST2 flag to be set and an 
interrupt to be generated if enabled. 

CONFIGURATION 

The following paragraphs describe the procedure for device and inter¬ 
rupt vector address selection, slope and reference fevefLlei 
user connections, and programming. (Refer to the ADV11-A when 
using the KWV11 -A with that module.) 

Device Address Selection 

ml® contains two device registers that can be addressed by 

InH 7 ® registers are the control/status register (CSR) 

to me'^SR equal 

ured hv th« ^ is con^fig- 

urea by the user, as shown In Table 1. ^ 


Table 1 Standard Assignments 



Description 

Mnemonic 

Read/ 

Write 

First 

Module 

Address 

Register 

Control/Status 

Buffer/Preset 

Interrupts 

Clock Overflow 

Schmitt Trigger 2 

CSR 

BPR 

CLK OV 

ST2 

R/W 

R/W 

170420 

170422 

440 

444 
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Switch oack S1 (Figure 2) contains 10 switches: each corresponds to 
a^^ddrS bit as shown in Figure 3. The ON positions select a logical 1 
bit address; similarly, the OFF positions select ^ 

address can be configured for any address 1^°°° h° 

I7777r with the least significant octal digit configured for 0 or 4. The 
recomrnended KWV11-A CSR address is 170420; SI is shown config¬ 
ured for this address in Figure 2. Note that the BPR address, based on 
the recommended CSR address, is 170422. 

^'KwV^“A c!n “Srup. the p-oceeeot tor otock overflow end 
o trinnor p i^T2) services Thus, two Interrupt vectors are pro 

dlTb S3 (Figure 4) eelecte the vector 

?or me cC Slow interrupte; the ST2 Interrupt vector le always 
equal to the clock overflow interrupt vector plus four. S3 contains 
seven switches (one not used) that correspond to vector b'ts (03 08) 
as Shown in Figure 4. Configure the 

vector shown in the figure. The recommended address is 000440. 

S~rr-^-p - _. ___ 




n 


A] 

0R18 r 

L_ 

01 


0R19 [_ 


D DO 


address 

SWITCHES 


BIT 8 ^ 


D 


VECTOR 

SWITCHES 


n 


ii_n 


Figure 2 KWV11 -A Connectors, Switches, and Controls 
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^5 14 13 12 


11 10 09 


STANDARD ADDRESS 
CONFIGURATION qfF nL ' • 

(170420) °l ON OFF 


0 0 0 1 


ADDRESS 
SWITCH (SI) 


: I • I • I 


BDAL BIT 
POSITION 


OFF OFF ON OFF 


12 3 4 


^ B s 10 


Figure 3 KWV11-A CSR Address Switches 


14 13 12 11 


0 0 0 0 


0 0 0 1 


07 06 05 04 03 


STANDARD VECTOR 
CONFIGURATION qN OFF OFF 


0 0 10 0 


•[ 


i i M 


VECTOR , 

SWITCH (S3) I ’ ^ 3 4 


0 0 0 


ON OFF OFF 


I Figure 4 KWV11-A Vector Address Switches 

I Slope and Reference Level Selection 

’ 2 r T switches and controls are shown in Figures 

. 2 and 5. Two reference modes are selectable for each Schmin tr n 
, ger one that picks a fixed level appropriate to TTL logic and one that 

: ELllr Tzv an7+ iTv, 


ttl reference 



board handle 


ST SLOPE 1(J1-T) 

ST SLOPE 2(J1-R) board FINGERS 
NOT USED I 


Figure 5 KWVII-A Slope/Reference Level Selector Switches and 

Controls 
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s, ope .election 

S'"n?pTsreelopeo.;eJ^^^^^^^^ 
r“^.o"eeUhe'rlve7of the^elerence. Typical alope seleotlon Is 
shown in Figure 6. 

NOTE 

users should take care that both TTL and variable 
switches for either Schmitt tf* 9 ger are not on sjul- 
taneously. This condition will not damage 
components, but produces unpredictable reference 
levels Note also that if no signal is connected to a 

Schmitt trigger input, both 
that ST should be open for noise immunity, 
lively. ST1 IN and ST2 IN can be grounded external¬ 
ly. 


INPUT WAVEFOf^ 

SEE NOTE,. 

POSITIVE-GOING THRESHOLD 

-A-HYSTERESIS 

, A-“0.5V 

\ negative-going THRESHOLD 

SELECTED TRIGGER - VA 

level (R180R 19) -^ 


OUTPUT li 

-*l 1— 500ns 

U 

1— 500ns 



It IS retriggered only after input “AVEFORM 

IaS MOVED BEYOND OPPOSITE THRESHOLD AND 
?h1n AGA°N PASSED SELECTED THRESHOLD. 




__cc. crTinw- SLOPE SWITCH 


ON (POSITIVE SLOPE) 


INPUT WAVEFORM 


SEE NOTE 


SELECTED TRIGGER- 

level (R180R 19)- 


OUTPUT 



POSITIVE-GOING THRESHOLD 

^HYSTERESIS 
1 _ ^ 0.5 V 

NEGATIVE-GOING THRESHOLD 


-4 U-500ns 


—41*— 500ns 


NOTE 


ST IS retriggered only AFTER INPUT WAVEFORM 

has moved beyond thr^eshol^ 

then again is passed SELECTED THRESHOLD. 


CU I nUL-LA"'-- 

.. „„ ac, c.T,nN. SLOPE SWITCH OFF (NEGATIVE SLOPE! 


Figure 6 KWV11 -A Slope Selection 
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Register Format 


CSR Bit Assignments 

7 and defined in Table 


— CSR bit assignments are identified in Figure 



Figure 7 CSR Bit Assignments 


Table 2 KWV11-A CSR Bit Definitions 
Bit/CSR Name Set By/Cleared By Remarks 


15/ST2 Flag 

Read/write to 0 


14/INT2 
(Interrupt 
on ST2) 

Read/write 


Set by the firing of 
Schmitt trigger 2 or 
the setting of the 
MAINT ST2 bit In any 
mode while the GO 
bit or the ST2 Go En¬ 
able bit is set. 

Cleared under pro¬ 
gram control. Also 
cleared at the “1’’-go¬ 
ing transition of the 
GO bit unless the ST2 
Go Enable bit has 
previously been set. 

Set, and cleared un¬ 
der program control. 


Must be cleared after 
servicing an ST2 In¬ 
terrupt to enable fur¬ 
ther Interrupts. When 
cleared, any pending 
ST2 Interrupt request 
will be cancelled. If 
enabled interrupts 
are requested at the 
same time by bits 7 
and 15, bit 7 has the 
higher priority. 


When set, the asser¬ 
tion of ST2 Flag will 
cause an interrupt. If 
set while ST2 Flag is 
set, an Interrupt Is Ini¬ 
tiated. When cleared, 
any pending ST2 In¬ 
terrupt request will be 
cancelled. 
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Table 2 KWV11 -A CSR Bit Def initions (Cent) _ 

Bit/CSRNam^ Set By/Cleared ^ Re marks _ 

Set and cleared un- When set, the asser- 

der program control, tion of ST2 flag will 
Also cleared at the set the GO bit and 

“ 1 ’’-going transition clear the ST2 Go En¬ 
able bit. 


13/ST2GO Enable 
Read/write 

12/FOR 
(Flag Overrun) 

Read/write 


11/DIO 

(Disable Internal 

Oscillator) 

Read/write 

10/MAINT OSC 
Write-only 


9/MAINT ST2 
Write-only 


of the GO bit. 

Set when an overflow 
occurs and the Over¬ 
flow flag is still set 
from a previous oc¬ 
currence, or when 
ST2 fires and the ST2 
flag is already set. 
Cleared under pro¬ 
gram control and at 
the “1’’-going transi¬ 
tion of the GO bit. 

Set and cleared un¬ 
der program control. 


Set under program 
control. Clearing is 
not required. Always 
read as a 0. 


Set under program 
control. Clearing is 
not required. Always 
read as a 0. 


This bit provides the 
programmer with an 
indication that the 
hardware is being 
asked to operate at a 
speed higher than is 
compatible with the 
software. 


For maintenance pur¬ 
poses, this bit inhibits 
the internal crystal 
oscillator from incre¬ 
menting the clock 
counter. Used in con¬ 
junction with bit 10. 
Setting this bit simu¬ 
lates the firing of 
Schmitt trigger 2. All 
functions initiated by 
ST2 can be exercised 
under program con¬ 
trol by using this bit. 
Setting this bit simu¬ 
lates the firing of 
Schmitt trigger 2. All 
functions initiated by 
ST2 can be exercised 
under program con¬ 
trol by using this bit. 
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Table 2 KWVII-A CSR Bit Definitions (Cont) 


Bit/CSR Name 

8/MAINTST1 
Write-only 


7/OVFLO FLAG 
Read/write to 0 


6/INTOV 

(Interrupt on Over¬ 
flow) 

Read/write 


Set By/Cleared By Remarks 


Set under program 
control. Clearing is 
not required. Always 
read as a 0. 


Set each time the 
counter overflows. 
Cleared under pro¬ 
gram control and at 
the “1 "-going transi¬ 
tion of the GO bit. 


Set and cleared un¬ 
der program control. 


Setting this bit simu¬ 
lates the firing of ST1. 
Ail functions initiated 
by ST 1 can be ex¬ 
ercised under pro¬ 
gram control by using 
this bit. 

If bit 6 is set, bit 7 will 
initiate an interrupt. 

Bit 7 must be cleared 
after the Interrupt has 
been serviced to en¬ 
able further overflow 
interrupts, if cleared 
while an overflow in¬ 
terrupt request to the 
processor is pending, 
the request is can¬ 
celled. If enabled In¬ 
terrupts are request¬ 
ed at the same time 
by bits 7 and 15, bit 7 
has the higher priori¬ 
ty. 

When this bit is set, 
the assertion of 
OVFLO FLAG will 
generate an interrupt, 
interrupt is also gen¬ 
erated If bit 6 is set 
while OVFLO FLAG is 
set. if cleared while 
an overflow interrupt 
request to the proc¬ 
essor is pending, the 
request is cancelled. 
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Table 2 KWV11 -A CSR Bit Definitions (Cont) 


Bit/CSRName Set By/Cleared By Remarks 


5-3/RATE 
Read/write 


2-1/MODE 

Read/write 


O/GO 

Read/write 


Set and cieared un¬ 
der program controi. 


Set and cleared un¬ 
der program control 


Set and cleared un¬ 
der program control. 
Also cleared when 
the counter overflows 
in modeO. 


These bits select 
clock counting rate or 
source. 

54 3 Rate 

000 STOP 
001 1 MHz 
010 100 kHz 
0 1 1 10 kHz 

100 1 kHz 

101 100 Hz 
1 10 ST1 

111 Line (50/60 Hz) 

Function 21 

ModeO: 0 0 
Model: 01 
Mode 2: 1 0 
Mode 3: 1 1 

Setting this bit initi¬ 
ates counter action as 
determined by the 
> rate and mode bits. In 
modes 1,2, and 3 it 
remains set until 
cleared. In mode 0 it 
clears itself when 
counter overflow oc¬ 
curs. Clearing bit 0 
clears and inhibits the 
counter. 


Buffer/Preset Register (BPR) - The BPR is a 16 -bit word-orient^, 

read/write register. Any attempt to write a 

result in a whole word being written. In modes 0 and 1, the prograrn 
may load it with the 2's complement of the number of counts desired 
before overflow. In modes 2 and 3, it permits indirect reading of the 
clock counter. 
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Normal Control Sequences - Mode 0 (Single Interval) 

quetce:'" ° se- 

'■ mto complement) 

2. The program writes the control code into the control/status reals- 

ter as indicated in Table 3. ^ 

3. If the GO bit is set high, KWV11-A responds by loading the 16-bit 
counter from the BPR and enabling the counter; if the GO bit is set 
low and the ST2 Go Enable bit is set high, KWV11-A waits for an 
ST2 event, then sets the GO bit and loads and enables the count- 

* cleared)^'^*^'^ increments until overflow, then halts (GO bit is 

if the 

CSR INT OV bit IS set; if the interrupt is not enabled, KWV11-A 
waits for program intervention. 

*0 *"fe^'-upt or intervenes in conse¬ 
quence of other criteria (e.g., testing the Overflow flag or the A/D 
Done flag if overflow was used to start an A/D conversion) The 
program reads the CSR, clears the Overflow flag, and if no count- 

sets the GO bit or the ST2 GO 
ENABLE bit to re-enter the sequence at step 3. 


Table 3 CSR Bit Settings for Mode 0, Single Interval 


Bit No. 


CSR 

Name 


Bit Condition 

as Written by 
Processor 


Remarks 


15 ST2FLG 0 


14 INT2 


Will be set to 1 on ST2 
event. Cleared by leading 
edge of GO bit assertion 
except when ST2 GO ENA 
has previously been set. 

Set to 1 by program if in¬ 
terrupt on ST2 event is 
desired. 
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Table 3 CSR Bit Settings for Mode 0, Single Interval (Cent) 


Bit No. 


Bit Condition 

CSR as Written by 

Name Processor Remarks 


13 ST2GO X 

ENA 

12 FOR (0) 

11 DIO 0 

10 MAINT 0 

OSC 

9 MAINT ST2 0 

8 MAINT ST1 0 

7 OVFLO (0) 

FLG 

6 INT OV X 

5 RATE 2 X 

4 RATE 1 X 

3 RATE 0 X 

2 MODE1 0 

1 MODEO 0 

0 GO X 


Set to 1 by program if GO 
is to be set by external 
signal to ST2. Cleared by 
leading edge of GO bit as- 
sertion. 

Will be set to 1 by counter 
overflow. Always cleared 
by leading edge of GO bit 
assertion. 


Set to 1 by program for in¬ 
terrupt on counter over¬ 
flow. 

See Table 2. 

Set by program toO. 

Set by program toO. 

Set by program to 1 un¬ 
less ST2 GO ENA is set; 
remains 1 until written to 0 
by program. Cleared 
when counter overflows. 


X = 0 or 1, depending on user requirements. 

(0) = Automatically cleared by GO bit assertion. 
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Mode 1 (Repeated Interval) 

Oomrouode fo, operation in mode I mue, sapper, ,ne lollowinp se- 

'■ inm,rBpi.'”'‘^'“"' POntPlemen,! 

^ tSpiI“‘'® '"'P 'PP “P PS indicated in 

i=rS~SES= 

ST2 event, then seK tne GO Pi, and loads L 
The counter increments until overflow. 

kwvii-a reloads the counter from the BPR re-enablp, th. 
counter, raises the Overflow flag in the CSR ann ° 
rap, to the processor i, interrapos enabled ’ “““ 

pr::cz"hS:;i::. p- 

Table 4 CSR Bit Settings for Mode 1, Repeated Interval 


3. 


14 


INT2 


Bit Condition 

as Written by 
Processor 



Remarks 


Will be set to 1 on ST2 
event. Cleared by leading 
edge of GO bit assertion 
except when ST2 GO ENA 
has previously been set. 

Set to 1 by program if in¬ 
terrupt on ST2 event is 
desired. 
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Table 4 CSR Bit Settings for Mode 1, Repeated Interval (Cont) 


Bit No. 


Bit Condition 

CSR as Written by 

Name Processor Remarks 


13 ST2GO X 

ENA 


Set to 1 by program if GO 

is to be set by externai 
signai to ST2. Cleared by 
leading edge of GO bit as¬ 
sertion. 


12 

FOR 

(0) 

11 

DIO 

0 

10 

MAINT 

0 


OSC 


9 

MAINT ST2 

0 

8 

MAINT ST1 

0 

7 

OVFLO 

(0) 


FLG 


6 

INT OV 

X 


5 

RATE 2 

X 

4 

RATE1 

X 

3 

RATEO 

X 

2 

MODE1 

0 

1 

MODEO 

1 

0 

GO 

X 


Will be set to 1 by counter 
overflow. Always cleared 
by leading edge of GO bit 
assertion. 


Set to 1 by program for in¬ 
terrupt on counter over¬ 
flow. 

See Table 2. 

Set by program to1. 

Same as for Mode 0, ex¬ 
cept that bit is not cleared 
when counter overflows. 


X = 0 or 1 , depending on user requirements. 

(0) = Automatically cleared by GO bit assertion. 


Mode 2 (External Event Timing) • 

Control code for operation in mode 2 must support the following se¬ 
quence: 

1 . The program writes the control code into the CSR as indicated in 
T sIdIo 5. 

2. KWV11-A responds by incrementing the counter (cleared when 
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the GO bit was cleared) at the selected rate until the GO bit is set 

contents into the BPR, sets 

tne bT2 flag, and generates an interrupt if INT 2 is enabled. 

Overflow sets OVFLO FLG high and, if INT OV bit is high 
generates an Interrupt. ^ ’ 

6*0 bh°toT' increment until the processor sets the 

Normally, the program enables the INT 2 and/or INT OV bits permit¬ 
ting the processor to synchronize its operations with the external ST2 
events and prevent loss of data by reinitializing the process after step 


5. 


Table 5 CSR Bit Settings for Mode 2, External Event Timing 

Bit Condition 

as Written by 

Bit No. Name Processor Remarks 


15 ST2FLG 0 


14 INT2 


13 ST2G0 

ENA 


12 FOR (0) 

11 DIO 0 

10 MAINT 0 

OSC 

9 MAINT ST2 0 

8 MAINT ST1 0 


Will be set to 1 on ST2 
event. Cleared by leading 
edge of GO bit assertion 
except when ST2 GO ENA 
has previously been set. 

Set to 1 by program if in¬ 
terrupt on ST2 event is 
desired. 

Set to 1 by program if GO 
is to be set by external 
signal to ST2. Cleared by 
leading edge of GO bit as¬ 
sertion. 
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Table 5 CSR Bit Settings for Mode 2, External Event Timing (Cent) 


Bit No. 

CSR 

Name 

Bit Condition 
as Written by 
Processor 

Remarks 

7 

OVFLO 

FLG 

(0) 

Will be set to 1 by counter 
overflow. Always cleared 
by leading edge of GO bit 
assertion. 

6 

INT OV 

X 

Set to 1 by program for in¬ 
terrupt on counter over¬ 
flow. 

5 

RATE 2 

X 


4 

RATE1 

X 

See Table 2. 

3 

RATEO 

X 

Set by program to 2. 

2 

MODE1 

1 


1 

MODEO 

0 


0 

GO 

X 

Set by program to 1 un¬ 
less ST2 GO ENA is set; 
remains 1 until written to 0 
by program. Cleared 
when counter overflows. 


X = Oor 1, depending on user requirements. 

(0) = Automatically cleared by GO bit assertion. 


Mode 3 (External Event Timing from Zero Base) 

Operation is identical to that in mode 2 except that the counter is 
cleared after the ST2 pulse. The counter continues to increment until 
the GO bit is set to 0. 

Note that the interval between two ST2 events may be m^sured 
directly in mode 2 or 3 with processor assistance if the CSR ST2 Go 
Enable and interrupt 2 bits are set before the first event and the GO brt 
is left clear. Under these conditions, the first ST2 event will set the GO 
bit (and thus start the counting process) and simultaneously issue an 
interrupt. If the interrupt service routine now clears the ST2 flag bit, the 
next ST2 event will cause the BPR to be loaded from the counter in the 
normal mode 2 fashion. The choice of mode 2 or mode 3 for such 
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Hlfn whether or not an on-going accumula 

on of time after the second event is required by the application If 
such an accumulation is necp«?Qflr\/ o • ^ ppiication. if 

counter IS no, otenrM sLTrSte ' “ 

User Connections 

A 40-pin type 854 connector (J1) is provided on the KWV11-A for user 
connect,ons as shown in Figure 8. This connector wTriate Sh an 

be Slope and leveirmrS can 

be interfaced via this connector as shown In Fioure 9 I1 ran k 

nected to the optional H322 distribution paSTr co ver^^^^^ 
access, via an optional BC08R cable. ‘''^"venient user 




ST 2 OUT L 
ST 1 OUT L 



BOARD SIDE 


- +3V 

- POT 2 

- POT 1 

- SLOPE 2 

- SLOPE 1 


CLK OV L 
ST 2 Ifyi 
ST 1 IN 


Figure 8 Jl 40-Pin Connector Pin Assignments 
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KWV11-A 


EXTbll 
level POT S 


EXTST2 
LEVEL POT 
(5 20K) 



EXTERNAL 
SLOPE 1 
SWITCH 


EXTERNAL 
SLOPE 2 
SWITCH 


BOARD 

HANDLE 


BOARD 

FINGERS 


"fo- prop.. operoliOP 

on KWVn-A board must be set to approximate mid-point ot 
rotation, and the S2 switches must be set as shown 


NN OR PP 
(BOTH ARE GND) 


Figure 9 


connecting External User-Supplied Slope and Level 
Controls 


in addition, two tabs (CLK and ST1) are located 
shown in Figure 2. These tabs are electrically connected to J1 pms R 
(CLK OV D^and UU (ST1 OUT L); the tabs may be used to connect ' 
S 1 I-A functions to ADV11-A TAB S (external start) and TAB C 
(clock overflow), respectively, in an ADV11-A. Optional jumpers (DEC 
part no. 70 - 10771 ) are available for this purpose. 
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PROGRAMMING 

Record ‘he point in doubie-precision timeframe for each S12 event 
foHowmg GO. The program makes use of a 32-bit counter theTow 
order bits of which are taken directiy from the KWV11-A (KWBPR) and 
he high-order bits of which are taken from a software counter (HICNtI 
that IS incremented with each KWBPR overflow. 


MIPS 

MOV 

MOV 

MOV 

MOV 


#0 

•ST2SPV, @5T2VEC 
•i^00,i5T2PSk^ 

•0V5RV, PUVVEC 
•200,POVP5W 


fCLEAH P5M 
ILOAD ST2 VECTOR 
f ADDR 

|5CT up PSM fOR 5X2 
IINIERRUPT (DISABLE 
>ALL SUBSEQUENT 
I INTERRUPTS) 
iLoad ov vector 
MOUR 

;5ET UP P5W FOR OV 
f interrupt (DISABLE 
lALL SUBSEQUENT 
»INTERRUPTS) 



MOV 

•BUFFER, PO 

CLKOUj 

VOV 

•AOl15,RKwCSP 

CujN T: 

•^ AI I 



BIT 

* 1 ouuo, (•K'^CSR 


BEO 

COUNT 


J'^P 

FUPSRV 

CJVSHV : 

BIT 

• 1 tfOyoO, RK^CSP 


BEG 

2$ 


TST 

RKAbPR 


bPL 

2S 


•>-uv 

HICM, (P0) + 


MOV 

RKWBPR,(P0)> 


BIC 

» 1 ''‘0f)oo, aKVCSP 


>SEI UP POINTER TO 

t beginning of 
tSUtFLh AREA 
rOEPOSIT IMHZ, MOUE 2# 
lINf OV EM, INT ST2 EN, 
|ANU GO INTO KWCSR 
tfOH iNTEPHUPT 
JbV OVFLO OP ST2 
MS hCp bit SET? 
fND, CONTINUE 
MES, SERVICE FLAG 
fOVtPPUN CONDITION 
MS S12 FLAG SET? 

|N0, CONTINUE 

IDIU ST2 OCCUR BEhOPE OV? 

branch 

MES, SERVICE ST2 FIRST 

IACkNO^lEDGE ST2 
lOCCUPPtNCE 
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LAV11 PRINTER OPTION 


SPECIFICATIONS 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 


M7949 

Double 

+5 V ±5% at 0.8 A 

1.8 

1 


LAV1 "See module Is shipped from the tactoni whh iumi^rs 
Illd switchreohhoured (or stahdard (Digital Equlpmeht Corpora on 
software-compatible) device and interrupt vector assignments. It i^s 
normally not necessary for the user to configure the address or vec 
•switches unless special device addresses or interrupt vectors are de 
sired The factory-installed jumpers and switches are 
1 The jumpers can be removed by carefully cutting each end close'o 
the orinted circuit board. Table 1 lists the special jumpers and the 
associated function they control when the jumper is installed on the 


interface. 
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LA VII 



Figure 1 LAV11 Switch and Jumper Locations 
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Table 1 Special Jumpers 


Jumper 

W1 

W2 

W3 

W4 

W5 

W6 

W7 


Shipped 

Condition* 


Function if Inserted 


Transmit parity on line 

+5 Vdc sense from LA180 
+5 Vdc sense from LAV11 
DEMAND is asserted low 
DEMAND is asserted high 
P STROBE is asserted low 
P STROBE is asserted high 


* I = inserted, R = removed 

?he‘5tv'?ce'address is selected by setting switches 1 ^ 5 in switch 
banks 2 and 3 to the standard address (Table 2). The L .... 
factorv-set Lndard address of 177514 for the device control/status 
reqistL The data buffer register (DBR) is always set 
dresl follLing the CSR address. The standard address for the DSR is 
177516 If mo?e than one LAV11 option is installed in the ^ J 

special device addresses are desired, set the switches (one for each 
CSR address bit) as directed in Figure 2. 

ThTinterrupt v^ector is selected by setting switches 1 through 8 in the 


Table 2 Standard Assignments 


Description 

Mnemonic 

Read/ 

Write 

First 

Module 

Address 

Second 

Module 

Address 

Registers 

Control/Status 
Data Buffer 

LPCSR 

LPDSR 

R/W 

R/W 

177514 

177516 

(Use floating 
address space) 

Interrupt 

Done or Error 

— 

— 

200 

(Use floating 
vector space) 
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BITS 15 14 13 1 ? 11 in 

device ADDRESS ' ' ■ — 


0 7 ^ 06 05 04 03 02 Qi nn 

AeJ Asj A 4 I A 3 I 1 I rn 


.DDRESS rn-r^l III 

format I ^ I ^ 1 |A12[ AlljAloj A9 j A8 [ A7 ^ 

j (TTrrViV ' Co. PCS 

figuration ,,’’’01001 ’ 

! n ! n u 


CONFIGURATION 
LPCS 177514 
LPDS 177510 


^ 1 .5 4 3 2 1 

SW3 ' 


Figure 2 LAV11 Device Address Format 


VECTOR ADDRESS I 


r 1 - 1 - 1 - 1 ■ ^_ 9® 07 06 05 04 m no m 

0 

0 

0 

V8 

V7 1 V6 1 V5 1 V4 1 V3 1 V2[ 

iz] 


factory ♦ I 1 a 1 1 1 

C^flGURATION 0 , J ; ; ♦ » 


200 

0 = SWITCH ON 
1 = SWITCH OFF 


*! I n 11 

7 654 3 2 ‘ 


Figure 3 LAV1 1 1nterrupt Vector Format 

Parity(Wl) 

i^S^H R®' ^ transmitted to the LA180 when 

erted. Removing the jumper will disable the parity bit. 

+5 Vdc Sense (W2, W3) 

These jumpers allow the user to sense 5 Vdc from either the LAian 

Demand (W4, W5) 

These jumpers allow the user to assert INTERNAI nPMAMnf 

P Strobe (W6, W7) 
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LAI 80. The end labeled P1 must be attached to the LAV11. 
will result in a continued error condition in the 

Device Registers performed by means of two device 

refers to those addresses. 

The foliowing discussion presents the bit 

r- o:r.nas no 

effect on those bits. . 

orr:;^rrs^n^;o"oorrrn;L^^^^^^ 

lyltem. The data bit assignments are shown in Figure 4; the bit assig - 

merits are described in Table 3. 

B s* DABietor mBR^ _The address of the DBR Is 177516 and 

HH€l^n^enTso^^^rogt;^^ 

assignments are described in Tabie 4. 

"•.:rr.'s:rrrir.-r~:£^ 

servicing an interrupt jg^and'^TMo dSrmiS which of the 

SupCuoo. depends upon Its closeness to the ptocessor vie the 
daisy-chain network. 
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15 

14 

-- 07 06 05 

Ierror 


DONE 

IE 


00 

UNE j busy I 


Figure 4 LAV 11 CSR Bit Assignments 


Table 3 LAV1 1 CSR Bit Definitions 
Bit: 15 Name: Error 

Description: The error bit is asserted when an error condition ti e 
orn or no paper) exists in the LA180. This is a read-onirbll whicMs 
reset oniy by manuai correction of the error condition. 

Bit: 14-8 Name: Unused 

^ Name: Done 

Description: The done bit is asserted when the printer is ready to 
accept another character. This is a read-oniy bit set by INIT The dLe 

sorted ffTp'r ^®9ister. An interrupt sequence is 

started if iE (interrupt enable, bit 6) is also set. 

Bit: 6 Name: Interrupt Enable 

O' cleared (read or write 
11 h ^ control. It IS cleared by the INIT signal on the LSI- 

a«“unS"„r"“' * '>™sraa>mad rasa, InaJcon a co„ao,a 

’ power-up or power-down condition.) When IE is 
set, an interrupt sequence is started if either error or done is also set. 

Bit: 5-2 Name: Unused 

1 Name: On-line 

“ on"Sri '“"w 

0 Name: Busy 

Description: The busy bit is asserted when the LAI80 printer fonlv) is 
performing a print or paper advance operation. ^ 


PRINTER DATA 


1-------07 06 05 04 o:^ no 

1 NOT USED 

PARIT^ 



1 

r 



WKJ 

1 





-1 


data bits 
06-00 


Figure 5 LAV1 1 DBR Bit Assignments 
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LAV11 

Table 4 LAV11 DBR Bit Definitions 


Bit: 15-8 Name: Unused 


Bit; 7 Name: Parity 

Description: The parity bit is loaded with the data 
jumper is installed. It is a write-only bit. 


word if the parity 


De«llon- ?hTdata character corrrphsaa aavan bita, bit 6 being 
STgrtlhcant. This buttered 7-bit character wiii be trarrsferred to the 
LAI 80. These bits are all write-only bits. 
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LPV11 PRINTER OPTION 

general 

wUh " "ISl'-speea line printer system for use 

utao ■Tne'LT«r^'r*■ * """ 

LP05 or LA180 line printer are similar; however, the printer strobe 

‘^'^f®'’ent. The specific interface 
mrf tn^ ® '"*^'■'3'=® "’O'^'Jle to detect which printer it is interfac- 

mg to, and automatically supplies the correct timing signals for the 

tran^^r Zt f Program-controlled to 

nntin LSI-11 bus to the line printer. There are 12 

S ^oor primary power 

LP05 line printer models (uppercase letters only, and both uppercase 

Table 1 LPV11 Option Model Numbers 


Option No. Interface 

(Model) Cable* 


Primary 

Power 


Model 

Printer 

Description 

LA 180-PA 
LA180-PB 
LA180-PC 
LA180-PD 

180 char/sec 
printer, 132 
column, 
upper- and 
lowercase 
letters 

LP05-VA 

LP05-VB 

LP05-VC 

LP05-VD 

300 line/min 
prlnter,132 
column, 
uppercase 
letters only 

LP05-WA 

LP05-WB 

LP05-WC 

LP05-WD 

240 line/min 
printer, 132 
column 
upper-and 
lower¬ 
case letters 


lpvii-pa 

lpvii-pb 

LPVII-PC 

LPV11-PD 


LPV11-VA 

LPV11-VB 

LPV11-VC 

LPV11-VD 

LPV11-WA 

LPV11-WB 

LPV11-WC 

LPV11-WD 


BC11S-25 

BC11S-25 

BC11S-25 

BC11S-25 


115V, 60Hz 

230V, 60Hz 
115V, 50Hz 
230V, 50Hz 


70-11212-25 115V, 60Hz 
70-11212-25 230V, 60Hz 
70-11212-25 115V, 50Hz 
70-11212-25 230V, 50Hz 

70-11212-25 115V,60Hz 
70-11212-25 230V, 60Hz 
70-11212-25 115V, 50Hz 
70-11212-25 230V, 50Hz 


7.62 m (25 ft) interface cable is supplied with each option. 
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^^M^dds^available for 115 or 230 Vac operation at either 50 or 60Hz 

• Line printers available with 132 -column upper- and lowercase let- 
ters, or uppercase only 

. Line printers available with speeds of 180 characters per second 
(LAI 80), or 300 or 240 lines per minute (LP05) 

• Interface module and interface cable supplied. 


SPECIFICATIONS 

Module 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 

Interface Cable 

Type 


Length 

LP05 Line Printer 

Power 


Printable Characters 
64-Character set 


96-Character set 

Type 

Size 


M8027 

Double 

+5V ±5% at 0.8 A 

1.4 

1 


BC11S-25 or 70-11212-25, de¬ 
pending on LPV11 model (see 
Table 1) 

7.62 m (25 ft) maximum 

115 Vac ±10% 50/60 Hz ±3 Hz or 
230 Vac ±10% 50/60 Hz ±3 Hz 
700 W 

!"#$%&’()*+.->/0''23456789;:< = 
>?@ 

ABCDEFGHIJKLMNOPQRS 

TUVWXYZ[\]t_ 

All of the artjove plus a through z; 

Open Gothic print 

Typically 0.024 cm (0.095 in.) 
high; 0.065 cm (0.025 in.) wide 
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Code Format 
Characters per line 
Character drum speed 

Printer Characteristics 
Format 


Paper-Feed 

Paper Slew Speed 
Print Area 

Character Spacing 
(horizontal) 


Line Spacing 


Line Advance Time 

Character 

Synchronization 

Physical Characteristics 
Height 
Width 
Depth 
Weight 


ASCII 

132 

64-character drum: 1200 r/min 
96-character drum: 800 r/min 

Top-of-form control; single line 
advance with automatic perfora¬ 
tion step-over, and carriage re¬ 
turn. Automatic verticai format 
control is optional. 

One pair of pin-feed tractors for 
1.27 cm (Vz in.) hole center, edge- 
punched paper. 

50.8 cm (20 in.) per second 

33.53 cm (13.2 in.) wide, left justi¬ 
fied 

0.254 ±0.0127 cm (0.1 ±0.005 
in.) between centers; maximum 
possible accumulative error for 
normal spacing is 0.0254 cm (0.- 
01 in.) per 80- or 132-character 
line. 

0.424 ±0.025 cm (0.167 ±0.01 
in.) at 6 lines per Inch; 0.3175 cm 
(0.125 In.) at 8 lines per Inch. 

Each character within ±0.254 cm 
(0.1 In.) from mean line through 
character. 

50 msec maximum 

Variable reluctance pIck-off 
senses drum position. 

1.14 m (45 In.) 

0.81 m(32ln.) 

0.56 m (22 In.) 

150 kg (330 lb.) 
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Ribbon Characteristics 
Type 
Width 
Length 
Thickness 

Paper Characteristics 
Type 

Width 

Weight 


Environmental 

Operating Temperature 
Humidity 

Print Rates 

LPOS-VA, -VB, -VC, -VD 
(64-character drum) 

LP05-WA, -WB, -WC, -WD 
( 96 -character drum) 

LA180 DECprinter 

Power 


Printable Characters 


Inked roll 
38.1 cm (15 in.) 

18.288 m (20 yd) 

0.01 cm (0.004 in.) 

Standard fanfold, edge punched, 
27.94 cm (11 in.) between folds 

10.16 cm to 42.55 cm (4 in. to 16- 
3/4 in.) 

15-lb. bond minimum (single co¬ 
py) 12 -lb. bond with single-sheet 
carbon for up to six parts (multi¬ 
ple copy) 

10 ° to 32° C (50° to 90° F) 

30 to 90% (no condensation) 

300 lines per minute 

240 lines per minute 


90-132 Vac or 180-264 Vac 
50 or 60 Hz ±1 Hz 
400 W max (printing) 

200 W max (idle) 

96 upper- and lowercase charac¬ 
ter set (7X7 dot matrix); 

+ ,-./0123456789 
:;< = >?© 

ABCDEFGHIJK 

lmnopqrs 

TUVWXYZ 
[\]t_abcdef 
ghijklmnopqr 
stuvwxyz 
U1-!"#$%&’()* 
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Code Format 
Non-printable Characters 

Number of Characters per Line 

Type of Character Transfer 

Printer Characteristics 
Print Cycie Speed 

Line Printing Speeds 
Print Size 


ASCII 

Six Commands: BEL. BS LF ff 
CR, DEL ’ ’ ’ 

132 max 

Parallel (7-bit plus parity) 

Up to 180 characters per second 

70 lines per minute on fuli iine 
300 lines per minute on short 
lines 

0.254 cm (10 characters per inch) 
horizontal 

0.233 cm (6 lines per inch) verti- 
cai 


description 

General 

interfaceslgrtelearedWerlnlfisnre 1 ).The 
hirl the LPV11 ttetet.rZ 'a L!k 

catty configures itself for the oron * interface cable, and automati- 
face is deSeiTh ,he f”" '“"“P" «' «'<• 'n'at- 

strobe tlmihg diagrants are shovyn in RgSIes 2ah?l. 
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LPV11 Interface Logic Functions 




















































































LPV11 



2. TIMING SHOWN WITH JUMPER W1 INSTALLED 


3. ( )-integrated CIRCUIT PINS. 


4. TIME IS DETERMINED BY LP05 PRINTER LOGIC. 


1 1-5638 


Figure 2 LP05 Internal Timing 
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“"Jumper wi installed (Reqoiredi por timing shown. 

2. TIMING IS TVPICAL, AND SHOWN POR REPERENCE PURPOSES ONLY. 

3. ( ) = integrated CIRCUIT PINS. 


Figures LA1 80 Internal Timing 


11-5637 


3 US Transceivers arid Drivers L 

3us transceivers (DEC 8641) addition, they 

signals and dislrlbuta ins bus on DAI- M , pATI bus 

transmit LPCS bits or (DEC 8881) transmit LPCS 

bS a°nd"SHngT daTI bus oyola in «b,oh tha LPCS Is addrossad. 


524 

















































LPV11 


Device Address Decoding 

decoding logic receives DAL (2 7) H BDAi tR-io\ i 

jumper-configured address for tjie LP^1l'*ENB'H°ao^ 
ma. address bits ,3, ,4 and fs'a^^TdecoTedVMbr^v:, 

Print Data Transmission 

Print data is transmitted to the printer from the LBi 11 h,.. rd 

program controi. The print character butter fu^ionl as th" Tpob 

g ster. It IS an 8-bit register, including the optionai paritv/D8 bit Th 
bus controi logic produces WRITE DB H during rSATO o^ArS I 

to force P DATA 8 high ’ """ 

Uppercase translation logic gives thp * 

sriTr;rsSrr‘"f^™ 

ASCII characters to the print character buffer When the 10 ^.! t! 
uppercase ietters translation is desired iumn^r W 7 ‘o 

Read Data Select Logic 

L"pTs?a“.r„'nd?“Cm^^^^^^ “ »’« 

tor" H^Lle*T th*^* transaction. Control signals READ CS^H and'vEC- 
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Table 2 Uppercase-Only Code Translation 


140 

141 

142 

143 

144 

145 

146 

147 

150 

151 

152 

153 

154 

155 

156 

157 
160 
161 
162 

163 

164 

165 

166 
167 

170 

171 

172 

173 

174 

175 

176 

177 



ASCII Input 


ASCII Output 

Code 

Character 

Code 

Character 



100 

@ 


a 

b 

c 

d 

e 

f 

g 

h 

i 


I 

m 

n 

o 

P 

q 

r 

s 

t 

u 

V 

w 

X 

y 

z 


DEL 


101 

102 

103 

104 

105 

106 
107 
110 
111 
112 

113 

114 

115 

116 
117 
120 
121 
122 

123 

124 

125 

126 
127 

130 

131 

132 

133 

134 

135 

136 

137 


A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

S 

T 

U 

V 

w 

X 

Y 

z 

[ 

\ 

] 

t 
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Ready Flag and LP Strobe Logic 

iion IS used only for LP05 printers. The LA180 uses the DATA STROBE 

ate^r Selection oMhe app^^^^^^^ 

ate strobe source is automatically produced by the LA/LP Ll^?t7nni. 

hTsETECT°r„f'or LAIstgSS 

the SELECT line, causing the LA/LP select logic to select LAl8n7ri«t! 
selector port B) functions. When the LP05 is used the int « 
does not ground the line and LP05 (data^selector PoJt a? unT ® 
sAleCed. Thd LA180 strobe is e rregre.g^"„rse 

aod S^d bTS tral^rXI,o, P DEMAND H 

rZ:S -btSTroKiT 

present. In addition to setting the LPCS ready flag the RQST A si^nl^ 

bit’s il°sen 9°®s active: if interrupts are enabled (LPCS 

bit 6 IS setL an interrupt request is initiated (BIRQ L goes aZit Th! 

ready flag is cleared by an active DATA STROBE I Qinnai h ■ 

a new character into the print characte^buffer 

"auTtT Tr,f '"'"'O'' '"o P'lo'or asserts P 

FAUI T H applied to the error flip-flop logic (via the M 

H signal), producino an active frror i i ^ 

and by producing an active RQST A H sionai ThuQ an 
wili initiate an interrupt request (if LPCS bit 6 is set) and set LPCS bit 
5. The error flag is cieared by the processor readina the LPCR ronic 
ter it tbe ready „ag is not set, or w^ben tbe LPVn'reNupwL'St 

Error Filter 

The error filter is always used (automatically selected) with the LA 180 
printer and jumper-seiected for optional use with the LP05 odnlr 
Th-s function is produced by a clock pulse generator/counter c rc^ 
tha requires an active P FAULT L signai for I ms beforer M PAUL? 

^nnai P'^o^^^ced. The minimum time requirement for the fault 
signal presence prevents false errors due to noise. ^ * 

BRPLY Delay 

Bus control logic generation of BRPLY L signals is delaved 400 na 
(approximataly) by faotory.instaiisd Jumpor Wt, W 1 oonnaSts “ w 
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the DC004 RxCx input pin, deiaying the BRPLY L signai 
the uuuu _ nrinters When LP05 printers are used, the 

operation with LAI 80 primers, wnci roHurP the BRPLY 

jumper may be either left installed or removed to reduce the BRPLY 

delay, as desired. 

[III p "nKrs u“'a 132-oolumn, 64- (LPV11-VA, -VB, -VC.-VD) or M- 
ILPVlVwA -WB, -WC, -WD) character rotating Orutn. ant) solenoid- 
Sh hlmora to print charactere. Oharactera •'7“—^ 

LPOS’s print buffer under program control via the M8027 

module^The LP05 print buffer stores up to a 132 -character "n®. 

orint cycle is initiated by a terminating character. Terminating c^arac- 

fe a Se Carriage r«urn (OR), line teed (LF|, and 

Ptmtlng requires Wo revolutions of the drum. Odd-numPered and 

even-numbered columns are printed during alternate 

♦he Hnim Circuits in the LP05 scan the print buffer characters stored 

Ta neln 'n 

orinteras appropriate, by driving the hammmer for those odd- or 
even-numbered columns in which a particular character appears. An 
inked ribbon and paper pass between the drum and the hammers, 
and thus the characters are printed. 

Note that LP05 printers are available with uppercase letters only (64- 
chlracter set) or upper- and lowercase letters ( 96 -character set), de¬ 
pending on the model. All models are capable of printing numerals 
and punctuation marks. 


TheiAISo'oECprinter included with LPV11-PA, -PB, -PC, and -PD 
models is a free-standing, pedestal-type 

of printing a maximum of 132 characters per To initiate a print 
cyc^e a line terminator character (LF, FF, or CR) is required. 
Ser contains a 256 by 8 character buffer, which stores printable 
and nonprintable characters. This buffer is loaded character-by-char- 
acter via^the LPV11 interface under program control. After each char¬ 
acter is stored in the buffer, a read function is performed to deterrnine 
if the character is a line-terminator character. If it is, the characters 
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to the printer as a parallel 7-bit ASCII 

EES~-“ 

nharacter set and six command characters. All other codes are ig- 

CONFIGURATION 

General 

mms 

the designated wire-wiLp'jjIn'rin Figure'rthTdo^"’''®'® 

NOTE 

Jumpers F+ (factory-instailed W6) and F- do not 
have associated wire-wrap pins. These jumpers 
must be installed by soldering and removed by cut- 
ting or unsoldering. ^ 


529 








LPV11 

Table 3 Jumper Designations 


A3 

A4(W2) 

A5(W3) 

A6 

A7(W4) 

A8 

A9 

A10 

A11 

A12 

F(W6) 


Function 

Jumper* 

Function 

Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 
Device Address 

P 

T(W7) 

V2(W9) 

V3(W10) 

V4(W11) 

V5(W12) 

V6(W13) 

V7 

\/8(W14) 

W1 

Parity 

Translate to Uppercase 
Interrupt Vector 
Interrupt Vector 
Interrupt Vector 
Interrupt Vector 
Interrupt Vector 
Interrupt Vector 
Interrupt Vector 

Bus Reply Timing 

Error Filter 




Jumpers without W designation 


are 


not normally installed by factory. 
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Figure 4 LPV11 Interface Module 
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Table 4 Standard Assignments 


Description 

Read/ 
Mnemonic Write 

First 

Module 

Address 

Second 

Module 

Address 

Registers 

Control/Status 
Data Buffer 

LPCS 

LPDB 

R/W 

R/W 

177514 

177516 

(Use floating 
address space) 

Interrupts 

Done or Error 


— 

200 

(Use floating 
vector space) 


1 

! 

5 


CSR, addres. eRua, RBR id! 

rsflH “5!?: l“Vanra LPV,1 opdon l"a<a"ad In .d. 


BITS 

DEVICE address 

format 


i 1 i rn1111 L 


(BANK 7 SELECTED) 

FACTORY R 
CONFIGURATION 
LPCS = 

LPDB 


ACTORY R R n " " 'll 

"iSl I I I I 1 I I I I 

^ ^ AC Ail A3 


0 * LPCS 
1 * LPDB 


AO A7 Afi AS A4 A3 JUMPER 
A9 A8 A7^ (FACTORY INSTALLED) 


l-INSTALLED-LOGICAL-0 

R=REMOVED»LOGICAL«1 11 5523 


Figure 5 LPV11 Device Address Format and Jumpers 
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Interrupt Vector 

The LPyi 1 is factory-configured for an interrupt vector eoual to ?nn 
If more than one LPV11 option is installed in the sysTm or if 1 speS, 
nterrupt vector is desired, remove and/or install jumpers tone for 
each vector bit) as directed in Figure 6. 


BITS 15 14 

VECTOR ADDRESS 
FORMAT 


W 08 07 M 05 M „3 ^ 

0 0 1 


factory 
CONFIGURATION 
• 200 


m iTi I 

' R I I I I , 

1111111 


0 0 0 0 


i=installed=logical 0 
r=removed=logical 1 


(FACTORY INSTaITedI (w'Ja) 


V3 V2 
(W13) (W12) (W11) (W10) (W9) 


Figure 6 LPV111nterrupt Vector Format and Jumpers 


Bus Reply Timing 

Jumper D (Wl) is factory-installed to delay the BRPLY L bus sional 
»m,ng (or LPV11 use with LA180 printers. S desired, this lumpel osn 

tlTt dtsTelt ired”"" "" 

Uppercase Only 

factory-installed and jumper T is not installed, enabling 
upper- and lowercase letters to be printed. If lowercase letters are not 

intprfar install jumper T. This will cause the LPV11 

interface to translate all lowercase letters to uppercase letters before 

Do not configure the module with both jumpers W7 and T installed. 
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jSers W8 and P select the desired parity mode^ The 
fartnrv confiQured with W8 installed and jumper P not installed, 
‘enabling padirb" 7 to be transmitted to the printer. Configure the 
parity option desired as follows: 

Pa,lt,Op«on Jumper W8 Jumper P 


Installed 

Removed 

Removed 


Removed 

Removed 

Installed 


Normal parity bit 
No parity, bit? low 
No parity, bit? high 
DO not configure the module wih both jumpers W8 and P installed. 

NOTE 

If the LPV11 interface module is used with an LP05 
printer equipped with the Direct Access Vertical 
Form Unit (DAVFU), it is recommended that the user 
remove jumper W8. The LPV11 interface module 
does not support the DAVFU function. 


The LPV11 interface module contains an error filter (time delay) wcuit 
that is automatically selected when the module is used with an LA180 
DECDrin^er Jumper F+ (W6) is factory-installed, selecting the error 
filter for use with LP05 printers; however, its use with LP05 is ophona . 

de ired remove the error filter by removing jumper W6 and instal- 
l!ng jumper F-. Do not configure the module with both F- and W6 

installed. 


LPV11 Device Registers . ^ . 

All programmed communication with the LPV11 option is via two de¬ 
vice registers in the LPV11 interface module. These ® 

the line printer control and status (LPCS) and printer data buffer 
(LPDB). These registers are factory-configured with LSI-11 bus ad 
dresses 177514 and 177516, respectively, and are software-compati¬ 
ble with DIGITAL software. However, if additional LPV11 options are 
added to the system, or if the user requires addresses o»ber than 
those factory-configured, it will be necessary to alter interface module 
jumpers and provide an LPV11 program using these special device 
addresses. Each register is described in Tables 5 and 6 and both are 
shown in Figure 7. 
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ERROR 
(READ ONLY) 


J 


DONE 
(READ ONLY) 


INTERRUPT ENABLE 
(READ/WRITE) 


ON LINE 
(READONLY) 


BUSY 

(READ-ONLY) 


— 






08 

07 

00 


















(NOT USED) 

-/ 

II 1 1 

1 

1 

1 

1 


PARITY D7 D6 D5 D4 D3 02 D1 

OR D8 

(OR PAPER 

INSTRUCTION 

FOR LP05) 

- —V--- J 

(READ/WRITE) 


Figure 7 LPV11 Word Formats 


Table 5 LPCS Register Bit Functions 


Bit: 15 Name: Error 

Description: Asserted (1) whenever an error condition exists in the 
line printer. Error conditions include: 


LP05 Errors 

1. Power off 

2. No paper 

3. Printer drum gate open 

4. Over-temperature alarm 

5. PRINT INHIBIT switch off 

6. Printer off-line 

7. Torn paper 
LA 180 Errors 

1. Fault (paper fault) 

2. On-line switch (In OFF position) 

Reset by manual correction of error condition If LPCS bit 6 is not set. If 
bit 6 is set, bit 15 is reset by manual correction of the error and- (1) 
reading the interrupt vector if the Interface Is “ready,” or (2) after 
reading the LPCS If the Interface is “not ready.” Read-only. 
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Bit: 14-8 
Description: 

Bit: 7 

Description: 

character to 


Name: Not used 
Read as Os. 


Lpos-Asserted (1) whenever printer is ready for next 
character lo be loaded. Indicates that previous function is either 
complete or has been started and continued to a point where the 
printer can accept the next command. This bit is set by 
Lcertinn BINIT L' if bit 6 is also set, an interrupt sequence is initiated. 

A S “byThl p; nte" »hpn pn-linp and -pad, to accapt a cttaraotor 
"rarS by loadfng (writing Into) the LPOB register. Inhibited »hen bit 

15 is set. Read-only. 

LA 180 -Asserted (1) when the printer is 

acter. Done is set by the processor asserting ^ ® 

loading (output transfer to) the LPDB register. If the Interrupt Enable 

bit is set, setting Done wiil initiate an interrupt request. 

Rif fi Name: Interrupt Enable 

Des^iption: Set or cleared by the program. Also cleared by the 
processor asserting BINiT L. When set, an interrupt sequence 
ated if either the Error or Done bit is set. 

Bit: 5-2 Name: Not used 
Description: Read as Os. 

Description: Nrs^uppo^rterand not required by DIGITAL software. 
The following information is provided for reference only. 

LAI 80—Set when the LA180 is on-line. Read-oniy. 

LP05—Not used. Read as 0. 

oL°rlp,l«hi NTsuppoSd ahd not required by DIGITAL solware. 
Information is provided for reference only. 

LA1 80-Set when the LA180 is printing a line or advancing paper. 
LP05—Not used. Read as 0. 
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Table 6 LPOB Register Bit Functions 
Bit: 15-8 Name: Not used 

Description: Read as Os. Data written into these bits is lost. 

B't: 7 Name: Parity or D8 

LP0s5!nt"' LAISO-Optional parity bit 

Read as instruction bit. Not supported by the LPV11. 

Bit: 6-0 Name: Data 

ISn r,Iln°r; ^^Sister. Characters are sequen¬ 

tially output to the printer buffer via this register. Read as Os. 

Interrupts 

inwrn.!^ ^ generally composed of an 

mterrupt-driven routine. When the LPCS register Interrupt Enable bit 

IS se and either the Done or Error bit is set, an interrupt requTst is 

^ '® "Oi’mally via the factory- 

configured vector addresses 200, (PC) and 202, (PS). When servic¬ 
ing an interrupt and a second interrupt occurs, the second (and sub- 

T "® ^®®®9nized. This condition can be 
avoided by checking for both interrupt conditions (Done and Error) in 
the interrupt service routine. ' 
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REVII-A TERMINATOR, «~.r, 

REV11-C DMA REFRESH, BOOTSTRAP 

^h^J^REVn-A DMA 

Tt'?E5lT-'?is%S^?lar tJ^the REV11-A, but does not have the 
120-ohm termination circuits. 

features 

. Dynamic MOS memory refresh 

. ROM program, ,or boo.rrrg paper .apes. RXVn (loppy dl*a. >"d 
RKV11 cartridge disks 

• ROM diagnostics for CPU and memory 

. 120-ohm LSI-11 bus terminations (RF.V11-A only) 


SPECIFICATIONS 

Identification 

Size 

Power 

Bus loads 
AC 
DC 


M9400-YA (REV 11 -A) 
M9400-YC (REV11-C) 

Double 

-1-5V ± 5 % at 1.64 A (REV11-A) 
-1-5 V ± 5 % at 1.0 A (REV11-C) 

2.2 

1 


description 

rddresaing 66 ldd“,s'’?eBnr’en» am’re* 

lormally used for . 173000-173776 A power-up mode, 

angefrom 1 65000-165776 and 173000 1737^^^ 

-umpr-sES^n S pmcessor module. 


538 





REVII-A, -C 

bootstrap ROM logic is initialized only when BDCOK 

on occurs during a power failure and produces 

Sress^latrh I H These signals clear the 9-bit 

address latch and circuits contained in the DMA refresh logic. The option 

does not respond to the LSI-11 bus BINIT L signal. ^ 

Terminations (REV11-A Only) 

Each bus signal line terminates with two resistors as shown in Figure 7 
These termination resistors are generally contained in a 16-pin dual-in- 

Tterminaho'!^ Package. Each package contains 

14 termination pairs. The values used are shown in the figure Daisy- 

chained grant signals are terminated and it;mpered. BJAKI L is jumpered 

with etch to BIAKO L, and BDMGI L is connected to BDMGO L ^a 
factory-installed jumper W1. l via 


CONFIGURATION 


W2 

W4 



Insert to enable DMA refresh. 
Insert to enable bootstrap ROM. 
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PROGRAMMING 

Using REV11-A and REV11-C Commands 

General — The REV11 hardware option contains programs stored in 
read-only memory. The normal starting address for program is 
173000. When started at this location, the program executed 'S a non- 
memory modifying processor test. If no errors are detected, the prc^- 
gram outputs a dollar-sign ($) for display on the console device. Tl^s 
character Is the prompt character for the operator to enter a com- 

mand. 

The starting address can be entered and program operation started 
either manually, using the console ODT GO command, or automatical¬ 
ly during power-up. Automatic operation is accomplished by selecting 
Dower-uD mode 2 by appropriately configuring jumpers on the P^oc- 
Srmoduirme LZ power.up response ,o„his m^e res* m 
me console Pevlce displaying me $ prompt oliaracter instead of the « 
console ODT prompt character. 

Unsuccessful execution of the non-memory modifying processo.r test 
p:^og?rm remits in the $ prompt character not being displayed. 
InstLd the program hangs (branch to self) when a sequence of i 
structions does not execute properly, or the processor halts due to 
double bus error. A halt normally results in the ^ 

Sing the PC contents (the address of the halt +2) followed by the 

console ODT prompt character. 

REVII-A and REV11-C Command Set - Once the $ prompt charac- 
■ ter Is displayed, the operator can enter one of the commands de¬ 
scribed in Table 1. Note that In the command examples, characters 
orlnted by the program are shown underlined; characters not 
Snderlined^are entered by the operator. Command inputs to the pro- 
oram can be either be upper- or lower-case characters. If an invalid 
Command Is entered following the $ prompt character, the program 
responds by displaying ? after the invalid command and a $ 
prompt character on a new line. For example, program response to 
the Invalid “XJ” command is shown below: 

$XJ? 

* 

NOTE 

The <CR> function in Table 1 represents the non- 
prlntable character “carriage return,” which is re¬ 
cognized as an execute command. 
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Table 1 REV11 ROM Program Commands 
Command: 00 

Operator to examine and/or 
alter memory and register locations via the console device. Control 

torn. HI ‘^y e"*e^*n9 the ODT P 

(proceed command, if the PC has not been altered, and the console 

thTooeTa ^ character. If the PC has been altered, 

the operator can start program execution by entering the starting ad¬ 
dress 165006 and the G (go) command as follows; 

@ 1650060 

1 

The processor responds by displaying the $ prompt character on a 
new line and another REV11 command can be entered. 

Command: XM<CR> 

Function: Memory diagnostic program. After successfully complet¬ 
ing the diagnostic, the prompt character ($) is displayed on the con- 
Se device- *"d*cated by the following displays on the con- 

1. 173732 

@ 

This IS an address test error. The expected (normal) data is in R3 
and the invalid data is in the memory location pointed to by R2 If 
desired, continue diagnostic program execution by entering the 
ODT P command. 

2. 173756 

@ 

This's a data test error. The expected (normal) data is stored in 
R3 and the invalid data is in the memory location pointed to by R2. 
h desired, continue diagnostic program execution by entering the 
ODT P command. 

3. 000010 

M. 

A time-out trap has occurred in testing memory locations outside 
the first (lowest) 4K memory. 

4. nnnnnn 

occurred in testing memory locations within 
the first 4K memory. The nnnnnn dispiayed is an indeterminate 
number. 
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The actual test consists of an address test and a data test. The address 
test first writes all memory locations with addresses: it reads and 
verifies the addresses. The data test consists of two parts. An al 1s 
word is first walked through all memory locations, 

The second part consists of walking an “all Os word through all 
memory locations which are all Is. 


fSoo- ■ Processor diagnostic program. This is a memory-modi- 
fvino instruction test. Successful execution of the diagnostic program 
results ^ thrprompt character ($) being displayed on the console 
device. Errors are indicated by: 

1. The program baiting when an instruction sequence is not correct- 
ly executed. 

2. The program halting in the trap vector area for various traps. 


Func«onf Absolute loader program, normal (absolute 
loading operation. Entering AL<CR> specifies that a paper 
be loaded via the console device (CSR address J*' 

another device can be specified by entering the appropriate CSR ad 
dress For example, to load paper tapes in absolute loader format via 
a device whose CSR address is 177550, enter the following command. 


$AL177550<CR> 

The oroqram responds by first executing the memory-modifying CPU 
tl, and memory teat (-ate- to the XC >■ 

Successful tost execution results in me execution ol the absolute load- 


er program. 

A successful program load is 
matically starting execution or 


indicated by the loaded program auto- 
by the console device displaying: 


165626 

@ 

Absolute loader errors are: 

. Checksum error, with the program halting and producing the dis¬ 
play: 


165534 

@ 
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• Program halts in the trap vector area for traps other than a time-out 
’ ^ ^ the 

prTgramfbTtheTolloUnT'*'" 


1 . 

2 . 


3. 


Load R4 with 165414 (AL starting address). 

Load the highest available memory address into R5 (For 
S"I?7®76 ) read/write memory, load R5 

Start the program at 165242. 

Command: AR<CR> 

Whpn*?h"' ^‘'®°"'te loader program; relocated loading operation 
hin tP t command is entered, the memory-modifying CPU instruc- 
XC VM automatically executed first (refer to the 

S^^crrlf commands), followed by the absolute loader program 

thp Sn the tests results in the program hahing with 

the following console display: ‘"'y wim 

165412 

@ 

ter col"l' appropriate “software switch regis- 

drp«?h / ^®'°cated loading, which uses an L- 

ing ^mmands:^ 

^R4/xxxxxx nnnnnn<CR> 

@P 

The value nnnnnn is a relocation value selected by the 
operator. Observe that the least significant “n” value entered must 
l^.r ".‘"'^her. This sets the software switch register (R4) bit 0 to a 
beino Note that the program 

SocaM to.dj;r (PIC) forma, for 

When large programs are contained on more than one tape, the pro- 
aS entP ® ‘®P® the reader, 

iTJi t ""S'og‘he ODT command shown below Resume 

loading by entering the P command. nesume 

^R4/xxxxxx 1 <CR> 

@P ~ ■ 
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* 1 ^i^itc (vyyxxx^ are the present contents of R4. Entering a 
sel Js ^located loading lor the f "S'" C? 

entered. ^ 

A successful program load is indicated by the loaded prr^ram aoto- 
mS, starJ^ng axecutlon. or by the console device displaying. 

165626 

Absolute loader errors are the same as lor the AL command. 

This program can be restarted «ithout first executing the diagnostic 
programs by the following: 

1 Load R4 with 165406 (AR starting address). , 

2 Load the highest a.allable memory address in R6. 

the system contains 4K ol readMrIte memory, load R6 with 

17776.) 

3. Startthe program at 165242. 

Comrnandt bootstrap. Entering the 

^pr<cr'com"mand star.he 

test and memory test execu . ( gvecution of the bootstrap 

p"^“ m'to SkXToTnrsystem disk. Or, specify 
fnTiro Wrl,e 0) or 1 (dri.e 1 ). Floppy disk bootstrap errors are. 

1. The program halts and the console device displays. 

165316 

rf.r.rs;r,r,s-='™;r= 

?hTnSa?ed?^ [htSlioleVevS bootstrap command 

can be entered. 

2. The program halts and the console displays: 

165644 

@ 
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indicating that a bootstrap error occurred. The RXV11 error reals 
ter contents are stored in R2. By examining the contents of R2 Ind 
^ ®J^^^ormation In this handbook on the RXV11 the exact 

@ R2/nnnnnn<CR> 

@P 

1 

can be restarted by the P com- 

thP <lfn desired bootstrap command immediately after 

the $ prompt character. ^ 

r^ilurn^m ^ time-out trap 

returns the program to the $ prompt character. If a time-out trap 

occurs first, check for proper system cable connections and de 
vice interface module installations. Then, attempt to successfully 
bootstrap the system by again entering the desired command 

° started without first execut¬ 

ing the diagnostic programs by the following. 

1. Load R4 with 165264 (the DX bootstrap starting address). 

2. Start the program at 165242. 


Command: DK<CR> or DKn<CR> 

Function. RKV11-D disk drive system bootstrap. Entering the DK 
command starts the memory-modifying CPU instruction te<?t anri 
memo,, ,.3, execution. ,Seo the XC end'^XM comiS rSd^l 
dr?yp Of the bootstrap program for disk 

(ddve 1 o: ^(Se Lt■ ° ^ 

Disk bootstrap errors are: 

1 • The program halts and the console device displays; 

165724 

@ 

indicating that the device done flag in the RKV11-D interface was 
hr! t T '■opoired time (approximately 1.3 seconds) The 

di^ni^^^ entering the P command; the $ is then 

displayed on the terminal and the bootstrap command can S 
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The program halts and the console displays. 

165644 

& _ 

indicating that a bootstrap error occurred. The RKVII-D error 

register contents are stored in R2. By 

R2 and using the information contained in the RKV11-D option 
“Xlon” e nature ol the error oan be deternhined. E*am,ne 
the contents of R2 (nnnnnn) as follows: 

^R2/ nnnn< CR> 

@P 

7fter examining R2, the bootstrap can be 

mand; enter the desired bootstrap command immediately after 
the $ prompt character. 

The oroqram halts in the trap vector for traps; a time-out trap 
returns the program to the $ prompt character. If a hme-out trap 

occurs first, check for proper 

vice interface module installation. Then. 

bootstrap the system by again entering the desired bootstrap 
command. 
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RKV11-D RK05 DISK DRIVE CONTROLLER 


SPECIFICATIONS 

LSI-11 Bus Module 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 

RKV11-D Controller 

Input Voltage 
RKVII-DA 
RKVII-DB 

Input Power 

Power Supply 

Line Protection 
115 Vac 
230 Vac 

LSI-11 bus backplane signal from 
RKV11-D power supply 

Module Complement 
M7254 
M7255 
M7256 
M7268 
M930 
M7269 

Cables 


CONFIGURATION 

General 

The RKV11-D/RK05 disk 
eight RK05-J disk 


M7269 

Double 

+5 V ±5% at 1.8 A 

1.9 

1 

100-127 Vac. 50/60 Hz±1 Hz 
200-254 Vac, 50/60 Hz ±1 Hz 

140 W max 

H780 

5 A fast blow fuse 
2.5 A fast blow fuse 

BPOKH (power supply AC LO) 
BDCOKH (Bus DC LO) 

Control/Status 
Disk Control 
Data Paths 
Bus Adapter 
Drive Bus Terminator 
Bus Control 

Two 40-conductor flat 70-09026- 
02 (to first RK05 drive) 

Two 40-conductor flat BC05L (to 
LSI-11 bus Interface) 


drive system can be configured with up to 
drives daisy-chained on the drive bus (DR bus). 
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Each disk drive must have an M7700 module of revision J 

M77no module has a rotary switch that defines the logical disk drive 

DR bus Positn Thedisk drive on the DR bus is normally set to 

s\witch position 1 on the M7700 module and is designated as disk driv 
oThe sSond disk drive would then be designated as drive 1 switch 
llmon ^t and so on up to the eighth disk drive (switch position 8). 

rim ^^mlsSt? Th"e DR^s must be 

terminated with the M930 module at the last RK05 on the bus. 

nterruot vector of 220, and device addresses of 177400 , through 
177416 These addresses are the normal user addresses and should 
not be altered Figure 2 shows the jumper locations for *he in errup 
leitor and device address jumpers on the M7269 module. The inter¬ 
rupt vector and device address word formats are shown in Figures 
and 4 and described in Table 1. 


Table 1 

Standard Assignments 


Description 

Mnemonic 

Read/ 

Write 

M7269 

Module 

Address 

Registers 

Drive Status 

Error 

Control/Status 

Word Count 

Bus Address/Current 
Memory Address 

Disk Address 

Unused 

Data Buffer 

RKDS 

RKER 

RKCS 

RKWC 

RKBA 

RKDA 

RKDB 

R 

R 

R/W 

R/W 

R/W 

R/W 

R(PIO) 

177400 

177402 

177404 

177406 

177410 

177412 

177414 

177416 

Interrupt Vector 

Interrupt Vector 

— 

— 

220 
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RKV1 H> ADAPTER BUS 
IS METERS MAX 
(SO FEET MAXI 



11 5154 


Figure 1 RKV11-D/RK05 System Configuration 
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INTERRUPT 

VECTOR 

JUMPERS 


lsmi bus 
address - 

JUMPERS 


Pv. 







o 





1 

5 

1 

i 

;i: 

22 

i 

i 

;i; 



0 ^ r 
1 Jj 5 

W8 

1 i i 


Figure 2 M7269 Module Jumpers 
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JUMPER ON 
M7269 MODULE 

factory- 

CONFIGURED _ 

ADDRESS (177400) 


I = INSTALLED 
R = REMOVED 


DEVICE ADDRESS 


Figure 3 M7269 Device Address Format 


15 14 13 12 

■n-1— 


I 


' f --N t - 

^ 07 ^ 06 05 04 03 02 


3 


JUMPER ON 
M7269 MODULE “ 

FACTORY 
CONFIGURED — 
ADDRESS (220) 


VV4 W5 VV9 VV10 W11 WIB W16 Jl7 


I=INSTALLED 
R = REMOVED 


MR 0804 

Figure 4 M7269 interrupt Vector Format 
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OfTe six mSlTes supplied with the RKV11-D. 

RKV11-D controller backplane as shown in igu • dr bus 

lor module Is plu99.<l l"» t-re f TJZZ^°^ Is 
and the M7269 double-height module is plugged into t . , o, 

fhP RKV11-D is a DMA device. Priority of DMA devices on the LSI-11 
h : rdeJimird by the devices' electrical ‘^•st-ce 
sor. The DMA device closest to the processor has the highest D 

priority. 


M7254 

STATUS 

CONTROL 




M7255 

DISK 

CONTROL 


H780 POWER 


M7256 

DATA 

PATHS 




M7268 

BUS 

ADAPTER 



— 


MR t)762 


Figures RKV1 1-D Module Utilization 


TppIlTd rolling 03 and Ja on ,na M7968 nrodola (npura 6) to 
the RK05 M993-YA module. 



Figure 6 - M7268 Cable Connections 
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Registers 

addr^bte,,o„,hep,c,c,.sorandJ,,s^ 

are in S 3 Though'" ‘•<’^"P‘:ona 

Table 2 RKV11 -D Addressable Registers 


Mnemonic 

Address* 

RKDS 

177400 

RKER 

177402 

RKCS 

177404 

RKWC 

177406 

RKBA 

177410 

RKDA 

177412 

RKDB 

177416 


Register Name 


RKV11-D Drive Status Register 
RKV11-D Error Register 
RKV11-D Control/Status Register 
rkvii-d Word Count Register 
rkvii-d Bus Address Register 
(Current Memory Address) 
RKV11-D Disk Address Register 
rkvii-d Data Buffer Register 


Address 177414 is unused. 


15 14 13 

-1 - 1 - 

12 

11 

10 

09 

08 

07 

06 05 

04 

03 02 ni nn 

DRIVE IDENT 

DPL 

RK05 

DRU 

SIN 

SOK 

DRY 

R/W/s| 

WPS 

RDY 

SC = 

SA 

I — 1 -- 

SECTOR COUNTER 

1 ^ r ^ . 0 


Figure 7 Drive Status Register (RKDS) Address 177400 

NOTE 

This register is a read-only register, and contains the 
selected drive status and current sector address. 

Table 3 Drive Status Register Bit Descriptions 
Bit: 0-3 Name: SC (Sector Counter) 
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Bit: 4 
dress) 


RKV11-D 

Name: SC=SA (Sector Counter equals Sector Ad- 

Siptlon: indicws that the disk heads are positioned over the 
disk address currently held In the sector address register. 

Bit- 5 Name: WPS (Write Protect Status) 

DesUtlon: S*' 

mode. 

Bit- 6 Name: R/W/S RDY (Read/Write/Seek Ready) 

Description: Indicates that the selected drive head mechanism is not 
in motion, and that the drive is ready to accept a new function. 

Bit- 7 Name: DRY (Drive Ready) 

Description: Indicates that the selected disk drive complies with the 
following conditions; 

a. The drive is properly supplied with power. 

The drive is loaded with a disk cartridge. 

The disk drive door is closed. 

The LOAD/RUN switch is set to RUN. 

The disk is rotating at proper speed, 
f The heads are properly loaded, 
g. The disk is not in a DRU (bit 10 of RKDS) condition. 

Rif ft Name: SOK (Sector Counter OK) 

Description: Indicates that the sector counter operating 
^rfed drive is not in the process of changing, and is ready for exami- 
naTon.Tthis bitt not sel the sector counter is not ready for examina¬ 
tion, and a second attempt should be made. 

Bif 9 Name: SIN (Seek Incomplete) 

Description: Indicates that because of some unusual 
seek function cannot be completed. Can be accompanied y 
(drive error). Cleared by a drive reset function. 

Rit' 10 Name: DRU (Drive Unsafe) 

Description: Indicates that an unusual condition has occurred m t 
disk dr?ve, and it is unable to properly perform any oPf 
by setting the RUN/LOAD switch to LOAD. If, when the switch - 
turned to RUN, the condition recurs, an inoperative drive 
assumed, and corrective maintenance procedures should begin. Ca 
be accompanied by RKER 15 (drive error). 

Bit- 11 Name: RK05 (RK05 Disk On Line) 

Description: Always set to identify the selected disk drive as RK05. 


b. 

c. 

d. 

e. 
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Bit: 12 Name: DPL (Drive Power Low) 

orT, rp,lT' 'r '“"“on. 

P0»er ,0 one of ZZoZVfZt" oi 

(drive error,. Rose, by BUS mZ ’= 

Bit: 13-15 Name: ID (Identification of Drive) 

operation, these b?ts w»rcon\ain'^the '^^^*^** ^ hardware poll 

cal drive number that caused the interrupt '" >°9i- 


tt 10 09 



Figure 8 Error Register (RKER)-Address 1 77402 

NOTE 

This is a read-only register. 


Table 4 Error Register Bit Descriptions 

oL^rioflnn WCE (Write Check Error) 

and memory data Clears unnn th ^ comparison between disk dah 
son o„o, oondWon ' This Is, 

nHJ.,.., <=®E (Checksum Error) 

-a'nSuiS o*t fh^sr^r “‘ = 

new luhooon. This Is e sort error condition. »' *"» 

Bit: 2-4 Name: Unused 


nwiC 

IJh dits o( the RKER are all hard errors 

zz:^r “ "T d cohtroi 
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ni«. t; Name; NXS (Nonexistent Sector) 

Description: Indicates that an attempt was made to a sector address 

greater:than ISg. 

Rif fi Name: NXC (Nonexistent Cylinder) 

Description: Indicates that an attempt was made to initiate a transfer 

to a cylinder address greater than 31 28- 

Rif 7 Name: NXD (Nonexistent Disk) 

Description: Indicates that an attempt was made to initiate a function 
on a nonexistent drive. 

Rit- 8 Name: TE (Timing Error) 

Description: Indicates that a loss of timing pulses for at least 5 ms has 
been detected. 

Rit* Q Name: DLT (Data Late) 

Lcription: Spts during . ..rltd or »rlto.cheok lunction who" Iho 
tion is not yet complete. 

Qit. in Name- NXM (Nonexistent Memory) 

Description: Sets if memory does not respond with a RPLY wit m 
<5 of the time when the RKV11-D becomes bus master during a DMA 
o. tiro spued ol .Pe RK05 disk drive, i, is possible 

that NXM will be accompanied by RKER 9 (data late). 

^'‘Ur^don: 

ing a function other than read or write. 

Rif 12 Name: SKE (Seek Error) 

« ^Sets if the disk head mechanism is not properly posi- 

A simple jumper change will force the control to check ,ust once. 

Qif 11 Name- WLO (Write Lockout Violation) - 

Description: SetTIf' an attempt is made to write on a disk that is 
currently write-protected. 

Rit- 14 Name: OVR (Overrun) ^ u 

Description: Indicates that, during a read, write . 

wChe Check function, operations on sector 13., surface 1 of cylinder 
SCss 3^28 were finished and the RKWC has not yet overflowed. 
This is essentially an attempt to overflow out of a disk drive. 
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Bit: 15 Name: DRE (Drive Error) 

r*oTe* oMh ^T- ' ^'■"***^*®‘' 

power, o?® ® e‘«^er ac or do 

b. The selected drive is not ready or is in some error condition. 


15 14 

13 

12 n 

10 09 

0^ 06 05 04 ni 

ERR I he 

SCP 

IBA 

T 

FMT 1 

1 

SSE 

ROY 

IDE 

-1- 

UNUSED 

-J- 

ww 

-r-^i- 

FUNCTION 

—^ i ^ ■ 0 

00 

“1 


Figure 9 Control/Status Register (RKCS)-Address 177404 


Table 5 Control/Status Register Bit Descriptions 
0 Name: GO 

/"r,r 

=rrx'" 

Bit: 1-3 Name: Function 

SS—sSS- 

Sow? OO^Zlret 


1 

1 

1 

1 


Bit 

2 

0 

0 

1 

1 

0 

0 

1 

1 


1 

0 

1 

0 

1 

0 

1 

0 

1 


Operation 

Control reset 

Write 

Read 

Write check 
Seek 

Read check 
Drive reset 
Write lock 
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Bit; 4,5 


Name: Unused 

NOTE 

The RKVIl-D uses these bits. Since the LSI-11 bus 
structure has no provision for extended addressing, 
no connection is made to the bus from these bits on 
the RKV11-D. They will respond as two unused 
read/write bits in the status register, but like the 
RKV11-D, they will increment should the RKBA over¬ 
flow. 


Bit: 6 

Description: 

a bus request 


Name: IDE (Interrupt on Done Enable) 

When set, this read/write bit causes the control to issue 
and interrupt to vector address 2208 if: 


a. A function has completed activity. 


b. A hard error is encountered. 

c. A soft error is encountered and bit 8 of the RKCS (SSE) is set. 

d. RKCS 7 (RDY) is set and GO is not set. 


Rif 7 Name: RDY (Control Ready) 

Description: This read-only bit indicates that the control is ready to 
perform a function. Set by INIT, a hard error condition, or by the 
termination of a function. Cleared by GO being set. 

Rif 8 Name: SSE (Stop on Soft Error) 

Description; If a soft error is encountered when this read/write bit is 
S©t' 

a. ' all control action will stop at the end of the current sector if RKCS 

6 (IDE) is reset, or 

b. all control action will stop and a bus request will occur at the en 
of the current sector if RKCS 6 (IDE) is set. 


Bit: 9 


Name: Unused 


Bit: 10 Name: FMT (Format) 

Description: This read/write bit is under program control, and must 
be used only In conjunction with normal read and write functions^ 
UseTxo format a new disk pack or to reformat any sector erased 
because of control or drive failure. Alters the normal write operation 
under which the header is rewritten each time the 
rewritten; the head position is not checked for proper positioning be- 
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'■" that only one word 

the header word. ,s transferred to memory per sector For examole a 
3-word read function in format mode will transfer header words^fmm 

Sar:rernr^"" *° 

Bit. 11 Name: IBA (Inhibit Incrementing the RKBA) 
Description: This read/write bit inhibits the RKBA from incrementino 

t^frortUr"^^' "'^ta transfers to occur to 

^atiom throughout the entire transfer op- 

Bit: 12 Name: Unused 

Bit: 13 Name: SCP (Search Complete) 

Description: This read-only bit indicates that the previous interruot 

aTthl aJed 

at the initiation of any new function. 

Bit: 14 Name: HE (Hard Error) 

read-only bit sets when any of RKER 5-15 are set 
nnn ^‘^‘'on, and processor reaction is dictated by RKCS 6 

Bit: 15 Name: ERR (Error) 

Description: This read-only bit sets when any bit of the RKER sets 
P ocessor reaction is dictated by RDCS 6 and RKCS 8 (IDE and SSE)’ 
Cleared if all bits in the RKER are cleared. ' 


15 14 13 


12 11 10 


^ T-1-r 


09 08 07 


-T-^-1— I - , ^ 0^ 


“1 -r 


-*-1-1-L I 


Figure 10 Word Count Register (RKWC)-Address 177406 
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Table 6 Word Count Register Bit Descriptions 


Rit' 0-15 Name: WC00-WC15 

Description: The bits in this register contain the 2’s ^ 

words to be affected or transferred by a given function. The register 
increments by one after each word transfer. When the ^eQ'Ster over^ 
flows (all WC bits go to zero), the transfer is complete and RKV11-p 
opla ion IS terminated at the end of the present disk sector. However, 
only the number of words specified in the RKWC are transferred. 


-I -r 


12 11 
- 1 - 


10 09 08 

-1—1-r 


04 03 02 01 
-1-r 


-i-r 


J-L. 


Figure 11 Bus Address Register(RKBA)— Address 177410 


Table 7 Bus Address Register Bit Descriptions 

Rit* n-15 Name: BA00-BA15 . .l. u ^ 

Oeserlplion: The readMrlte bits in this register eontain the bus 
LdSss to or from which date will be transferred. The register is 
incremented by two at the end of each transfer. 

NOTE 

This register will not respond to commands while the 
controller is busy. Therefore, RKDA bits are loaded 
from the bus data lines only in the control ready (bit 7 
of the RKCS) state, and are cleared by BUS INIT and 
control reset. The RKDA is incremented automatical- 
ly at the end of each disk sector. 


14 13 

12 

11 

10 09 08 07 

06 

05 

04 

O 

o 

o 

§ 

1-'-' 

1 drive select 

1 7 ■ 1 1 0 

7 

I 

1 0 

1-1—"n-1 

CYLINDER ADDRESS 

1 5 1 A 1 3_1_2 

1 

L l 

T 

J^ 

SUR 

SECTOR ADDRESS 
^ ^ ^ 1 ^ 

^ ^ 1 -1- 



Figure 12 Disk Address Register (RKDA)-Address 177412 
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Table 8 Disk Address Register Bit Descriptions 


Bit: 0-3 Name: SA (Sector Address) 

Description: Binary representation of the disk sector to be ad- 

foTfhP t T (or number) 

for the sector address is 13j. ' 

Bit: 4 Name: SUR (Surface) 

Description: When active, enables the lower disk head so that opera- 
Sppe'r^dSeTd^^ surface; when inactive, enables the 

Bit: 5-12 Name: CYL ADDR (Cylinder Address) 

Description: Binary representation of the cylinder address currently 
bemg selected. The largest valid address or number for the cylinder 


Bit; 13-15 Name: DR SEL (Drive Select) 
Description: Binary representation of the logical drive 
rently being selected. 


number cur- 


15 14 13 12 11 

I \ -1-r 


07 06 05 04 


-I-1-1 L I 


' ^ n-1-1-1-r 


"T-^^-r 


-I-1-1_ L I I 


Figure 13 Data Buffer Register (RKDB)-Address 177416 


Table 9 Data Buffer Register Bit Descriptions 
Bit: 0-15 Name: BD00-BD15 

of this register work as a general 
and 'nformatiOn transferred between the control 

and the disk drive must pass through this register. Loaded from the 
bus only While the RKV11 -D is bus master during a DMA sequence. 
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PROGRAMMING 

RKV11 Boot Program 

The following boot program can 
system from drive unit 0. 

@ 1000/000000 
001002 000000 
001004 000000 

001006 000000 
001010 000000 
001012 000000 
001014 000000 

001016 000000 
001020 000000 
@1OOOG 


be used to boot an RKVIl/RKOS 

12700<LF> 

177406<LF> 

12710<LF> 

177400<LF> 

12740<LF> 

5<LF> 

105710<LF> 

100376<LF> 

5007<CR> 
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RLV11 RLOI DISK DRIVE CONTROLLER 

general 

Jsr-lTcus 'o RLOI disk drives with the 

backplane (POP 1 i/03lT BA« nb“' 

bus in slo,« anJ aSeTbosTd ^ ^ ' 

can interlace up to four RLO, dlsk^^^ira 

ai'':nr“ib:r 

H:f£pEHSH~ 

FEATURES 

' “1"'"'!°" T" W' Wtem 

0.48 million bytes per RL02 disk drive; 42 million bytes per system 

roX^t’c^rr""“ ““ 

• Universal power supply, 110/220 V, 50/60 Hz 

• Bootstrap provided on BDV11 

• Mounts in a PDP-1 1/03-L sv«!tom rah m 

H9273-A backplane ^ expansion box. or 

• DMA transfers to and from the LSI-11 bus at 256K words per second 

and ZZts eliminates late data errors on normal reads 

SPECIFICATIONS 
LSI-11 Bus Modules 


Identification 

Size 
Power 

Bus Loads 
AC 
DC 


M8013 

M8014 

Two quads 

+5 Vdc ±5% at 6.5 A 
+ 12Vdc ±3%at1 A 


3.2 

1 
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RL01 Disk Drive 

Data Organization 


RLV11 


Formatted Capacity 


Recording Density 

Recording Method 

Performance 
Peak Transfer Rate 

Head Positioning Time 


Rotational Latency 

Operating Environment 
Temperature Range 

Relative Humidity 
No Condensation 
Max. Wet Bulb 
Altitude 

Heat Dissipation 

Operation 
Start Time 
Stop Time 
Rotational Speed 

Power 

Drive 

Start Current 
Running Current 


256 bytes per sector 
40 sectors per track 
256 tracks per surface 
256 cylinders per cartridge 
2 surfaces per cartridge 

10,240 bytes per track 
20,480 bytes per cylinder 
5.24M bytes per cartridge 
21M bytes per controller 

125 tracks/in. 

3725 bits/in (max.) 

MFM 


3.9 ns per word 
512.5K bytes per second 
15mstrack-to-track 
55 ms average 
100 ms maximum 
12.5 ms average 

10° to 40° C (50° to 104° F) 
at sea level 
10 to 90% 

28° C (82° F) 

Up to 240 m (8000 ft.) at max. 
temperature of 36° C (96° F) 
150W(600 Btu/hr.) 

50 seconds 
30 seconds 
2400 rev/min. 


Single-phase 

5 A/1.6 A max., 110V, 50/60 Hz 
2.5 A/0.85 A max., 230V, 50/60 
Hz 
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Mechanical Drive 
Size 

Weight 

Mounting 


Cartridge 


Cable Lengths 
Standard 
Power 

Controller to Drive 
Drive to Drive 

Optional 
Drive Cables 


RLV11 

48 cm wide X 63.4 cm deep x 27 
cm high (19. in wide X 25 in. deep 
X 10.5 in. high) 

33.75 kg (75 lb.) 

RETMA Standard 48.26 cm 
(19 in.) rack-mounted on slides 
(provided). Recommended maxi¬ 
mum height from floor is 18.9 cm 
(48 in.). 

Stand-alone cabinets for expan¬ 
sion (standard option) available. 

2 data surfaces 
Embedded servo 
Top loading 


3.05 m (10 ft.) 

3.05 m (10 ft.) 

3.05 m (10 ft.) 

6.96,12.19,18.29, m 
(20,40, 60 ft.) 


NOTE 

Maximum physical length from controller to last 
drive should be 30.48 m (100 ft.). 


DESCRIPTION 

General 

The RLVIl controller was designed to interface the RL01 disk drives 
to the LSI-11 bus. One RLV11 controller can support up to four RL01 
disk drives. The controller consists of two quad-height modules that 

1 ^ backplane assembly. The backplane 

should be structured as an H9273 (slots AB are LSI-11 bus and slots 
OD are an interboard bus. Refer to section H9273.) 
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The M8014 module contains all the LSI-11 bus-related circuits. Items 
such as the bus control circuits, bus transceivers and decoders, pro¬ 
grammable registers, and the FIFO circuits are located on this module 
The bus control function consists of the register protocol, interrupt 
control operation incomplete timer, direct memory access, and non¬ 
existent memory timer. The bus transceiver circuits transmit and re¬ 
ceive both data and address information on the bus. The programm¬ 
able registers consist of the control/status register, bus address word 
counter, disk address register, and the multipurpose register. The 
FIFO circuits are a first-in/first-out memory that can store up to 256 
16-bit data words. 


The M8013 module contains all the controller timing and sequence 
logic and the data formatting circuits necessary to read and write on 
the disk. The microsequencer logic decodes the function command 
and proceeds to the address of the routine associated with the com¬ 
mand. The write precompensation logic encodes the data into modi¬ 
fied frequency modulation and precompensates the data for peak 
shifting effects. The cyclic redundancy checker is used to detect errors 
and compute CRC on a write operation. The data source selector 
allows the multiplexing of the data under control of the microsequen¬ 
cer. The header compare circuits compare the first header word re¬ 
ceived from the data separator with the serial disk address word 
coming from the disk address register. 

The major functional sections of the RLV11 controller are shown in 
Figure 1. The processor controls the RL01 disk drives indirectly by 
means of the RLV11 controller. The controller has four registers: the 
bus address register (BAR), disk address register (DAR), con¬ 
trol/status register (CSR), and a multipurpose register (MPR). Of these 
four registers, the CSR is always written last because it initiates the 
microsequencer operation. These registers can be addressed like any 
other memory location. 
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Figure 1 RLV11 Controller Simplified Block Diagram 
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To issue a function command, the processor places the address and 
data onto the LSI-11 bus In a multiplexed fashion. The RLV11 controll¬ 
er decodes the information and channels it to the appropriate register. 
Once the desired function command Is written Into the control/status 
register, it begins the microsequencer routine. The control mi¬ 
crosequencer goes through a different routine for each of the eight 
possible command functions. These routines manipulate the data for¬ 
matting circuits to format the data properly. Included in the data 
formatting function is an error detection feature that uses cyclic redun¬ 
dancy checking (CRC). 

The data buffer (silo) Is a data storage element used primarily when 
reading or writing the RL01K disk under DMA control. It is a FIFO 
memory that can store up to 256 words of data. The data buffer also 
performs data conversion functions. It converts parallel data coming 
off the LSI-11 bus into the serial form that can be written onto the disk. 
When performing a read operation, it reverses the direction of data 
flow and converts the serial disk data back into its parallel form. 

Bus Control Functions 

The bus control block consists of five separate functional units. 

• Register Protocol Circuit—This circuit selects the controller register 
to be read or written and supplies the required control signals for 
loading and reading. 

• Interrupt Control Circuit—This circuit sends out a bus interrupt re¬ 
quest to the processor when the controller has completed a com¬ 
mand operation and the interrupt enable bit is set. It also passes or 
blocks the processor interrupt acknowledge along the priority daisy 
chain and produces control signals for the generation of RPLY and 
vector data. 

• OPI Circuit—This circuit Is the operation Incomplete (OPI) timer. 
This timer is initiated upon issuing a controller command. If the 
command sequence is not completed within the 490 msec nominal 
OPI time-out period, an OPI error bit is set in the control/status 
register. The controller ready bit is also set and the processor re¬ 
ceives an Interrupt request if enabled. 

r DMA Control Circuit—The direct memory access (DMA) circuit 
coordinates the timing of the controller FIFO during DMA data ex¬ 
changes with memory. 

• NXM Circuit—The nonexistent memory (NXM) circuit is a timer used 
when the controller is attempting to read or write from memory. It Is 
Initialized by the bus SYNC signal and gives the memory device 10 
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Msec to reply to a controller data in (DIN) or data out (DOUT) signal. 
I If the reply (BRPLY) is not received within 10 Msec, the NXM error bit 

i is set in the CSR. NXM time-out can also occur because of a failure 

at the controller or drive. 

Bus Tranceivers 

I These circuits transmit and receive both data and address information 
on the bus. The address decoder circuit compares each incoming 
address with the controiler’s preset base address. When a match is 
found, the register protocoi circuit is enabled. 

Programmable Registers 

Control/Status Register (CSR) — The CSR is a holding register for 
command control information such as drive seiect, function to be per- 
I formed, interrupt enable, and extended address bits. It also indicates 
drive ready and error conditions. 

Bus Address Register (BAR) — The BAR contains the 16-bit memory 
address to which the next DMA transfer is to be made. It is increment¬ 
ed by 2 under control of the DMA control circuit at the end of each 
, DMA transfer. 

I Disk Address Register (DAR) - The DAR contains the next sector 
1 address where data is to be read or written on the disk. It is increment¬ 
ed by 1 at the end of each sector read or written. The DAR is used also 
to store drive command information that is sent to the drive during a 
seek or get status operation. 

Multipurpose Register (MPR) — The MPR is not a single physical 
entity like the other registers, it consists of two separate registers, the 
word counter and the FIFO output buffer, both bearing the same base 
address. 

When writing the MPR, the data word is loaded into the word counter 
(WC) register. The WC register contains the number of data words 
remaining to be transferred under DMA control. The WC register is 
incremented by 1 under controi of the DMA controi circuit at the end of 
each DMA transfer. 

When reading the MPR, the data word is read from the FIFO output 
buffer. After a read header command, it contains the header words. 
After a get status, it contains the disk drive status. 

FIFO 

The FIFO Is a fIrst-in/fIrst-out silo-type memory element that can store 
up to 256 data words. When full. It holds two sectors of data. A FIFO 
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serializer circuit converts the FIFO parallel data Into the serial form 
needed for writing to the disk. Similariy, the serial data read from the 
disk is converted to parallel form through the same serializer circuit. 

The FIFO contents can be recovered by reading the current data word 
in the MPR. For exampie, to recover three FIFO words requires three 
successive readings of the MPR. During disk read and write 
operations, the FIFO is emptied and filled under control of the DMA 
logic. 

Microsequencer Logic 

The microsequencer first decodes the function command by using 
three funcion bits to point to an address in the sequencer ROM. There 
it finds a routine that corresponds to the command issued. It then 
proceeds to generate the timing and control signals needed to chan¬ 
nel the incoming or outgoing data through ali its various paths within 
the controller. 

Write Precompensation 

This circuit performs two major functions. It encodes digital data into 
its MFM form, and it precompensates this data for peak shifting ef¬ 
fects. 

MFM encoding is a magnetic recording technique used by the RL01 
drive. A fiux reversai is written on the disk in the center of a bit cell to 
represent a logical 1. To represent two successive logical Os, a flux 
reversal is written at this common cell boundary. This recording tech¬ 
nique guarantees at ieast one fiux reversal for every two cell bits. 

One of the probiems associated with magnetic recording is a phenom¬ 
enon caiied peak shift. Adjacent fiux reversals on a track appear to be 
displaced from where they were written. To offset peak shift, the 
precompensation logic is used to displace the encoded data pulses in 
the opposite direction as the expected peak shift before they are writ¬ 
ten. 

Data Separator 

The data separator circuit makes use of a phase-iocked loop oscillator 
to detect and decode incoming MFM disk data into its digital logical 
representation. It also generates the timing signals used by the mi¬ 
crosequencer to controi the read data operations. 

CRC Circuit 

The cyclic reduncancy checker (CRC) is an error-detection circuit. For 
any data written on the disk, a code is generated in the CRC circuit by 
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an internal algorithm. The code is then appended onto the end of each 
header sector in the form of a CRC word. When this header or sector is 
read from tha disk, the data is channeled through the CRC circuit An* 
errors mtreduced into the data or its CRC Jd are deL ed and a 
CRC error bit is set in the CSR. 


Data Source Selector 

.hmuitiplexing of different data sources under the 

ata. CRC data, serial disk address data, serial FIFO output data data 
separator (DS) data, and the write marker pulse. 


Header Compare Circuit 

circuit is to compare the first 
header word coming from the data separator with the serial disk ad- 

M b. M hAs°'","“ '™"’.This comparo is dons ssriaTy on a 

genaraed Ttha°»ni’“'; « 


CONFIGURATION 

General 

All software control of the RLV11 controller is performed by means of 

be read''o?w®r*T' registers are assigned addresses and can 
d or written (as required) under software control. DIGITAL soft- 

toT?™?*'This ? a,a Within the range of teoojo 

^ ® address is preset at the factory to 174400 The 

‘ w be changed by setting the rocker switches designated 

us address switches” in Figure 2. These switches are used to assign 
a specific address to the control/status register (CSR) and the 
remaining registers will be assigned the next three addresses as 

on°the ON ^ represented when the switch is placed 

Ihh position. Figure 3 shows the switch positions for the factory 

M8013 rnorii [ ® module must be located immediately after the 

M8013 module on the LSI-11 bus priority chain. 
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COMPONENT SIDE 1 

RLVl 1 BUS INTERFACE BOARD M8014 


LSB 

MSB 


BUS ADDRESS SWITCH 


VECTOR SWITCH 


1 

FI 



_ 1 '- 

QYI DAI CY1 

CA1 BY1 

BA1 AY1 


Figure 2 RLV11 Bus Interface Module (M8014) 

Table 1 

Standard Assignments 


Description 

Mnemonic 

Read/ 

Write 

Address 

Registers 

Control/Status 

Bus Address 

Disk Address 
Multipurpose 

CSR 

BAR 

DAR 

MPR 

R/W 

R/W 

R/W 

R/W 

174400 

174402 

174404 

174406 

Interrupts 

Interrupt Vector 



160 
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DEVICE ADDRESS FORMAT 


n 

n 

n 

j" A12 j 

1 1 

lU 

A,0 

uy 

1; 

08 

|" 1 

07 

7 

06 

05 

IH 

04 

1 j 

03 

1 ^3 j 

02 

□ 

01 

□ 

00 

U 


factory 
CONFIGURATION 
CSR 174400 
bar 174402 
DAR 174404 
MPR 174406 


0 = SWITCH OFF 
1 = SWITCH ON 


i i I I i i" i i i I 


_6 

BUS ADDRESS SWITCH 


Figure 3 RLV11 Device Address Format 

The interrupt vectors are ailocated memory iocations from 0 774 Th« 
recommended interrupt vector for the RLV11 is ifin ann • 


Jumpers 


INTERRUPT VECTOR FORMAT 



Figure 4 RLV11 Interrupt Vector Format 
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JUMPERS ARE O-OHM COMPOSITION RESISTORS 

Figures RLV11 Drive Module(M8013) 


Table 2 M8013 Jumpers 


Jumper 

Definition 

W1 

Used with masked ROMs 

W2 

Used with EPROMs 

W3 

Used with masked ROMs 

W4 

Used with EPROMs 


Masked ROMs W1, W3 — These jumpers are installed when using 
masked ROMs in E49. Jumpers W2 and W4 are removed. 
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"Tjump; "w, and W3 

Registers 

"I®‘^ontrol/status register (Figure 

?m00 Bits ; Zuah °f 

De read. The bit functions are described in Table 3. ^ 

(BINIT L), bits 1-6 and 8-13 are 
Cleared^ and b.t 7 is set. Bit 0 is set whenever the selected drive is in 
he ready condition; otherwise the bit is cleared. Bit 14 is cleared as 
ong as there is no drive error; otherwise the bit is set and reSs set 
unt I the drive error is corrected or the drive error is cleared by a qet 

ther^isTiT"'^"'^ is set only when 

there is a drive or controller error (bits 10-14). 


CONTROL STATUS REGISTER (CSR) 
DCRC 


—I I 1 " . 03 02 


Ierr 

de |nxm 

DIT 


OPI 

DSl|( 


HNF 


OPI 



CRDY BA17 




-A_ 


READA/VRITE 


READ 

ONLY 


Figures Control/Status Register 


Tables CSR Word Format 


S'b 0 Name: DRDY 

Description: (Drive Ready) 

When set this bit indicates that the selected drive is ready to receive a 
command or auppi, .ana read data. Tne bit is claarad ThanTwak 
operation is initiated and set when the seek operation is completed. 

Bit: 1-3 Name: F2-F0 

Description: (Function Code) 

These bits are set by software to indicate the command to be execut- 
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F2 

0 

0 

0 

0 

1 

1 

1 


Octal 

F1 FO Command Code 

0 0 Maintenance 0 

Mode 

0 1 Write Ctieck 1 

1 0 Get Status 2 

1 1 Seek 3 

0 0 Read Header 4 

0 1 Write Data 5 

1 0 Read Data 6 

-( ^ 1 Read Data 7 

Without 
Header Check 

command execution starts when CRDY (bit p of^e CSR is cleared by 
software. In a sense, then, bit 7 can be considered a negative GO bit. 

Bit; 4-5 Name; BA16, BA17 

Description; (Bus Address Extension Bits) 

Two upper order bus address bits. Read and written as bits 4 and 5 of 
the GSR, they function as address bits 16 and 17 of the BAR. 

Bit; 6 Name: IE 

“w .h, con„o,,er . a„o«,d >0 in,ar,up, 

r processor at the assertion of CRDY. This occurs at the npmal or 
erro^ termination of a command. Once an interrupt request p posted 
in the LSI bus, it is not removed until serviced, even if IE is cleared. 

Bit- 7 Name: CRDY 

r n"Sd indices ,ns. « consnnand in Pi,s 

1-3 is to be executed. Software cannot set this bit because no registers 
are accessible while CRDY is 0. 

Bit: 8-9 Name: DSO, DS1 

These bits determhi^which drive will communicate with the controller 
via the drive bus. 

Bit: 10 Name: OPI 

DescriDtion: (Operation Incomplete) 

When set, this bit indicates that the current command was not com¬ 
pleted within the OPI timer period. 
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Bit: 11 Name: DCRCorHCRC 

Description: (Data CRC) or (Header CRC) 

ir OPI (bit 10) is cleared and bit 11 is set thp rpr a.rrr.r 

error occurred on the header (HCRC). ’ 

NOTE 

Cyclic redundancy checking is done only on the de¬ 
sired header. It is performed on the first and second 

is a^SyrS 


Bit: 12 Name: DLT or HNF Error 
Description: (Data Late) or (Header Not Found) 

lat^wnrition^o ?^"h ** a data- 

ThP 3 '■®ad without a header check operation 

The FIFO was more than half full .and the controller was unable to 
transfer the next sequential sector. *° 

When OPI (bit 10) is set and bit 12 is also set, it indicates that a timeout 
occurred while the controller was searching for the correct sector to 

read or write (no header compare). me correct sector to 

Bit: 13 Name: NXM 

Description: (Nonexistent Memory) 

When set, this bit indicates that during a DMA data transfer th*. morr. 
ory location addressed did not respond within 10/ts. 

Bit: 14 Name: DE 

Description: (Drive Error) 

^ is buffered from the drive error interface line. When set it 
ndicates that the selected drive has flagged an error the source of 
which can be determined by executing a get status command. 

Bit: 15 Name: ERR 

Description: (Composite Error) 

U? a"re tet‘ When'en (bits 10- 
ani !*■ the current operation terminates 

the cTrHs set^' I’** ^ of 

At the beginning of each controller command, error bits 10-13 are' 

au»call, caarac. At tha complatian of aach com,o“alma„o 

cir„raroSr 
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The functions of control/status register bits 1-3 are described in the 
following paragraphs. 

Maintenance Function (0) The maintenance command provides a 
means of exercising the controller logic circuits to test whether the 
rafor dlta paths "and data storage functions are operating^ Thjs 
command is used during the diskless diagnostic routine to detect 
controller malfunctions or to establish a level of confidence in controll- 
er operations. 

ThP first circuitry tested is the microsequencer wait and branch logic, 
MoS b bl^ch conditions WCOFLW and 

cessful completion of this test, the DAR is incremented by 1. This is 
used as a trace feature to show in which test a failure occurred. 

The npvt circuit element to be tested is the silo (first-in/first-out buff- 
Ir) A microsequencer routine is initiated to transfer 256 '«o'ds of date 
?om memory teto the silo and then back to J 

change is performed under DMA control and again the DAR 
incremented by 1 (which is the original DAR + 3). 

Next a test word previously loaded into the disk address register 
(DAR) is sequenced through the controller data path and cyclic redun- 
K ebaS (CRC) lojc ,o and np in tba silo. Tba -asoitan, s,lo 
word is in the form of the CRC of the test word. 

The DAR is then incremented by 1 and the test word -H i is 
through the same data paths and CRC 

word. This second silo word is in the form of the CRC of the test wo 
+ 1. The DAR is then incremented by 1 again. 

Finallv to exercise the silo serial output stage, this second silo word is 
shifted out of the silo and sequenced through the same data paths and 
CRC circuit another time before coming to rest in 
becomes the new second silo word and has the form of the CRC of 
test word 4-1. The DAR is then incremented by 1 again. 

The results of this exercise are two adjacent data blocks m memory, 
!wo test words residing in the silo, and the test word + 3 residing in the 

Thf silo buffer contains 225 words and each data block in memory 
occupies 256 locations. 

The two words residing in the silo can be accessed via ^ulti^pur- 
Dose register. The first word is a test of the data paths. The se 
word is a test of the data paths plus the silo serial output stage. These 
words are read into memory and software monitored for malfunctions. 
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as a read, except the data transfer is from the memory 

Get Status Function (2) The get status command initiates a mirm 
sequency routine that shifts a drive command word fror^ ^e con roS' 
er to a selected drive. This word is a status request word that asJl the 

S==="2~S5 

drive status. When the drive sends back its status word it is stored in 
controller silo to await later access through the multipurpose regis- 

The only programming prerequisite is that the status request word be 

c°omrar issuing geT/tat^: 

Seek Function (3) The seek command initiates a microsequencer 

th^drive^Vti's^r'^"''® the controller DAR to 

me drive. This drive command word contains head oositinn 

information that includes the cylinder distance to be moved th^d ec 
ion of movement, and the head to be selected for the ne^data tranr 
fer operation. Once this positioning information is received bv the 
drive, the heads seek to the new track location. ^ 

There are several prerequisites for issuing a seek command Fir^t th» 

present location must be known and thi? is availTeTo^^e read 
header function. Once this is known, the software must calculate the 

Sad?VheIrTefor*"^°'’'^-^*'°h"®®''®'' deposition the 

neads Then, before issuing the seek command, the software miK^t 
know that the controller is in the ready state. software must 

Pdogramming prerequisite is to load the disk address reoister 
».h ,.e head posihonins ,„,p,„a,ic„ pdor ,o IsauinX aSnc- 

mtnH functions of the read header com- 

nd are to read the first header encountered on the selected drive 
and to store the three header »ords in the silo. Thle Lre JelTer 
D1, which contains the cylinder address, head select, the selector; 
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header WD2, which contains all zeros; and header WD3, which 
contains the header CRC. One or more header words can then be 
extracted from the silo by reading the MPR. Extracting the first heads 
word alone provides sufficient head positioning information to permit 
m calculation of cylinder difference for a subsequent seek oper- 
ation to a new track address. 

The only prerequisite for issuing the read header command is knowl¬ 
edge that the controller is in the ready state. 

Write Data Function (5) The write data command initiates a mi- 
croseouencer routine that enables the controller DMA circuitry. The 
"entuall, becomes LSI-11 bus master anO data »ords are 
loaded into the silo. When the drive is ready, header information is 
continually read off the disk and compared with the first sector ad¬ 
dress stored in the DAR. Once a header match is found, the silo data is 
Witten on the disk in successive sectors until the 
overflows. For partial sector writes, the remaining sector area is filled 

with Os. 

There are two prerequisites for the write data command. The first is 
that the heads must already be located at the correct track. This im- 
pTes issuing a seek command if necessary. Also, the software must 
know that the controller is in the ready state before issuing a com- 
mand. 

Read Data Function (6) The read data command 
microsequencer routine that reads successive 

and compares them against the first sector address in the DAR^ When 
a header match is found, disk data is transferred into the silo and out 
to the LSI-11 bus under DMA control. The data transfer ends when the 
word counter overflows. 

There are two prerequisites for the read data command. The first is 
SThrhbadb Lst be localed at tbe correet track. Thia impliea issu- 
1„9 a iek command il necessary. The second is that sofware must 
know that the controller is ready to accept a command. 

Read Without Header Check Function (7) This command aHows the 
recovery of data if the headers become unreadable. If header no 
found (HNF) or header CRC (HCRC) errors are encountered on a 
particular sector, then data is not recoverable by the standard read 
data command. 

To convert this data, a seek command must be issued if the heads are 
not already located on the track where the bad sector is. Then the 
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CSR. Programmable via bits 4 and 5 of the 

me^DMA SfalransXr'r *"''o'''ed in 

:;s.“£S=E~S-:=-"-= 

BUS ADDRESS REGISTER (BAR) 


15 

14 

13 

12 

11 

10 

09 08 07 06 05 04 03 02 01 

1 






BA9|bA8|bA7|bA6|bA5|bA4|bA3|bA2|bai| 


] 


BA14 BA12 BA10 


read/write 

MA-0570 

Figure 7 Bus Address Register 
Clearing of the BAR is accomplished by executing a BUS INIT 

5Sr-“ 

DAR During a Seek Command To perform a seek funrtinn • 

5SEES£=“’=^'^ 


DAR DURING SEEK COMMAND 


lb 14 13 12 11 

10 

09 

08 

07 

06 05 04 03 02 01 00 

1 0 |dF7|dF6|dF5|dF4 

DF3 

DF2 

DF1 

DFO 

0 1 0 1 Hs| 0 [dIr| 0 1 1 1 


Figures DAR Seek Command 
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Table 4 DAR Seek Command Word Format 


Bit: 0 Name: MRKR 

Description: (Marker) 

Must be a 1. 

Description- MuTt^be a 0. indicating to the drive that a seek com¬ 
mand is being requested and that the remaining bits in the register wiil 
contain the seek specifications. 

Bif 2 Name: DIR 

the bit is set the heads move toward the spindle (to a higher cylind 
addms ) Whan the bit is cleared, the heads move a»ay from the 
:pmdie Ito a lo»er cylindar address). The actual distance moved de- 
pends on the cylinder address difference (bits 7-14). 

Bit: 3 Name: 

Description: Must be a 0. 

Bit: 4 Name: HS 

Description: (Head Select) , ♦ ^ - in\A/pr 

Indicates which head (disk surface) is to be selected. Set lo , 

clear = upper. 


Bit: 5-6 Name: 

Description: Reserved 


Bit: 7-14 
Description: 

Indicates the 


Name: DF (07:00) 

(Cylinder Address Difference) 
number of cylinders the heads are to move on 


a seek. 


Bit: 15 Name: 

Description: Must be a 0. 
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DAR During Read or Write Data Command For a read write or 

Tprf'® '°3ded with the address of the first 

ferred J’he^DAR???' adjoining sector is trans¬ 

ferred, the DAR IS automatically incremented by 1 (Figure 9) If the 

DAR increments to the nonexistent sector address (SO,), OPi time-out 
wiil occur. The word format is described in Table 5. 

DAR DURING READING OR WRITING DATA COMMANDS 

15 ,4 '3 12 ,, 10 0 , 08 0 , 


—I-p- - , - " u. o« 07 06 05 04 03 02 p, 

0 |^^tA6|cA5|cA4|cA3[cA2|cA,|cA0|Hs|sA5|sA4|sA3|sA2|sA,[sA0| 


Figure 9 DAR Read/Write Data Command 

® Read/Write Data Command Word Format 


Bit: 0-5 Name: SA (5.0) 

Description: (Sector Address) 

Address of one of the 40 sectors on a track. (Octal range is 0 to 47). 
Bit: 6 Name: HS 

Description: (Head Select) 

Sr““pp"r''’ 

Bit: 7-14 Name: CA(7:0) 

Description: (Cylinder Address) 

Address of one of the 256 cyiinders. (Octai range is 0 to 377). 

Bit: 15 Name: Not used 

Description: Must be a 0. 

?prfr.?rr Command After the get status command is 

deposited in the CSR, it is the DAR’s responsibility to get the com¬ 
mand transferred to the drive. Therefore, the DAR must also be pro¬ 
grammed along with the CSR to do the get status command. 

For a get status command, the DAR register bits must be programmed 
as shown in Figure 10; the word format is described in Table 6. 

DAR DURING GET STATUS COMMAND 


12 11 10 09 

I 1- [■■ 1-1-1-1-, 

08 

07 

06 

05 


03 

02 01 00 


X 

0 

0 

° 1 

iL 

|rst| 



Figure 10 DAR Get Status Command 
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Table 6 DAR Get Status Command Word Format 


Bit; 0 Name: MRKR 

Description: (Marker) 

Must be a 1. 

Bit- 1 Name: GS 

SrTV'fnSng’to .he drive ,ha, its e,..us «ord is being 
reauested At the completion of the get status command, the drive 
stSus word is read into the controller multipurpose (MP) register (out- 
prs?arol FIFO). With this bit set. bits 8-t 5 are ignored b, the drive. 

Bit: 2 Name; Not used 

Description; Must be a 0. 

Bit; 3 Name: RST 

WheTthis bit is^s^et,\he drive clears its error register of soft errors 
before sending a status word to the controller. 

Bit: 4-7 Name: Not used 
Description: Must be a 0. 

Bit: 8-15 Name: 

Description: Not use(l______ 

Multipurpose Register (MPR) - The MPR is made "P 
bearina the same base address. When writing into that location, the 
word counter accepts the data. When reading from that location, the 
FIFO output buffer provides the data. 

MPR During a Get Status Command When a get status command is 
executed and a status word is returned to the controller, ‘he 
(FIFO output stage) format is as shown in Figure 11 and described 

Table?. 


MPR DURING GET STATUS COMMAND 


15 

14 

13 

12 11 

10 

09 ■ 

08 

07 

06 

05 

04 03 02 01 00 

-1-1-1-1-1 

IwdeI 

HCE 

WL I 

w 

WGE 

VC 

DSE 

0 

HS 

CO 

HO 1 BH |sTc|sTb|sTA| 


SKTO 


Figure 11 MPR Status Word 
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Table 7 MPR Status Word Format 


Bit: 0-2 

Description: 
C B 


Name: State (C:A) 

These bits define the state of the drive- 

A 


0 

0 

0 

0 

1 


0 

0 

1 

1 

0 


0 

1 

0 

1 

0 


0 

1 


Load State 
Spin up 
Brush cycle 
Load heads 
Seek track 
counting 
Seek linear 
mode (lock on) 
Unload heads 
Spin down 


Bit: 3 Name: BH 

Description: (Brush Home) 

Asserted when the brushes are not over the disk. 

Bit: 4 Name: HO 

Description: (Heads Out) 

Asserted when the heads are over the disks. 

Bit- 5 Name: CO 

Description: (Cover Open) 

Asserted when the cover is open or the dust cover is not in piace. 

Bit: 6 Name: HS 

Description: (Head SelectJ 
Indicates the currently selected head. 

Bit: 7 Name: 

Description: Reserved. Will be 0. 

Bit: 8 Name: DSE 

Description: (Drive Select Error) 

Indicates multiple drive selection Is detected. 

Bit: 9 Name: VC 

Description: (Volume Check) 

VC IS set every time the drive goes into ioad heads state. This asserts a 
drive error at the controiler but not on the front panei. VC is an indica¬ 
tion that program does not really know which disk is present until it 
has read the serial number and bad selector file. (Th^ dfsk migh^have 
been changed while the heads were unloaded.) 
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Bit- 10 Name: WGE 

the drive was write-locked. 

Bit; 11 Name: SPE 

SdlHs 1 reaching speed in .he redulred llnre. or 
over speeding. 

Bit- 12 Name: SKTO 

“rrste h'eatdirno?c“ome on irach ,n Ihe repo,red llnre doring 
a seek command. 

0 lt; 13 Name: WL 

Description: (Write Lock) 

Indicates write lock status of selected drive. 

0 j^- 14 Name: HCE 

l" die heads when write gale was 

not asserted. 

Bit- 15 Name: WDE 

° «:rwdle hu. no iransillons were delected on 

th e write data line. -----—---- 

MPR Durina a Read Header Command When a read header com- 
!^«n/irexecuted three words will be stored in the multipurpose 
• tpr rFiFO outout buffer) The first header word will contain sector 
Srss! h:°d sX., S cylinder address inlormallon. The second 
^ 11 all Os The third word will contain the header CRC 

r«lon A"three words are readable by the main program (Figure 

12 ). . ^ , 
MPR During Read/Write Data Commands 
via DMA, the MPR functions as a word counter is l^o ^ 

orooram with the 2 ’s complement of the number of wor 
ferred TtTs then incremented by 1 by the controller as each word is 
transferred The reading or writing operation generally is 
Whan ihe word counler oyarllows. The word counter 
from one data word to the full 40-sector count of 5120 data words 
decimal). The maximum number of words that can be transferred 
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iitf Of sectors available to be 


mpr during read header command 


1ST 

WORD 

15 

14 

13 

12 

11 

10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

0 

CA7 

CA6 

|cA5 

|cA4 

|cA3 

|cA2 

|cA 1 

CAO 

HS 

|sA5 

|sA4 

|sA3 

|sA2 

jsAI 

SAO 

9Njn 

15 

14 

13 

12 

1 1 

10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

1-1 

00 

WORD 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3RD ^0 09 08 0 7 06 05 04 03 n. nt OO 

WORD 


CRC15 CRC13 


CRC1 1 I CRC9 CRC7 CRC5 CRC3 


CRC14 CRC12 CRC10 CRC8 Cr'c6 CrL CRC2 


Figure 12 MPR Three Header Words 


MPR DURING READ/WRITE COMMANDS FOR WORD COUNT 
15 14 13 12 


□ 

L:J 

Ej 



1 

WC9 

WC8 

WC7 

WC6 

KJD 

WC5 

WC4 

03 

WC3 

02 

WC2 

01 

WC1 

00 

WCO 


Figure 13 MPR Used as Word Counter 


Table 8 MPR Word Counter Format 

Bit: 0-12 Name: WC(12:0) 

Description: (Word Count) 

2 ’s complement of total number of words to be transferred. 
Bit: 13-15 Name: 

Description: Must be all Is for word count in correct range. 
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?.^';rZ"sr:era” ^ »„ RUO, .ro„. 

?^^^RUN/STOP switch with LOAD indicator light 
2. UNIT SELECT switch with READY indicator light 
3 fault indicator light 

4 ' WRITE PROTECT switch with WRITE PROTECT indicator light 
switch will not damage the drive in any way. 

=n«/STOP Switch with LOAD Indicator - The RUN/STOP switch .s 

:„CTes“h^\ppd«p£™^^^ 

^rreS' rr heads are -ded, It causes the heads to unload and 
then de-energizes the spindle motor. 

rrarSsrsrs=.--^^ 

switch is in the depressed state. , ^ . 

The LOAD indicator is lit whenever the spindle is stopped heads 
lome busies home, and the spindle motor is not energized. A car¬ 
tridge can be loaded when this indicator is lit. 

UNIT SELECT Switch with READY Indicator - The UNIT SELECT 
switch is a cam-operated su^hThaUhe d^e 

SEiiirESSS 

a cSer, or drive ready for read or write operations. 

fault Indicator - The FAULT indicator is lit whenever a fault or 

error condition occurs in the drive. 

WRITE PROTECT Switch with WRITE PROTECT Indicator - The 

wStf protect switch is a push/push alternating action switch. 

rreToisfof* wmm^^ SxtTecto; 

"T WRm“pROrecT wIcaS w'm mm lllu-hinated uhtll Ihc 

immediately upon the deactivation of the WRITE PROTECT switcn. 
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I/O Transfer Operations 

:4=„7:?oT;;r:r' »' »- 

Oiler FIFO is received and transmitted under DMA control. 
Interrupt-driven transfers allow the Droce<?<!r>r 

r;sLe°T“::rrLr^ r, n s::i: Er? 

sxacutlon resumes at the point wha^XaTinteCtS? 
o::^™:: "cSona Vo "ZoraX^ 

t'Xd'ttS r;r““ ;r 

S-~=E~rS“S~ 
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The DATl cycle is a result of a processor-programmed instruction 

siffMiitl 

TrrrrLX uans,. w„h ano.her ,oa, 

rr 'rrp~ rSa ». Pa,o. an 

interrupt request can be issued. 

An interrupt vector associated with the RVL11 controller is 'ocated m 

device polling. The vector is switch-selectable in the range 

The controller requests interrupt service by asserting ^IRQ L_ The 

processor acknowledges the interrupt request by ® 

? II ori hu RiAKO L The first device on the bus receives this daisy- 
followed by BIAKO L. The irst oe ^ requesting service, it 

passes thTs^gnal via its BIAKO L output to the next °"g 

Sntil the requesting device receives the signal. The requesting dev ce 
^ K accortinn RRPLY L and placing its intarrupt vector on the 

routine is then executed by the processor. 
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Bus Signal Timing 

s.7DigrErre^'r“s„^ 
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RXV11 FLOPPY DISK OPTION 

SPECIFICATIONS 

Module 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 

Drive 

Identification 

Size 


Recommmended Service Clear¬ 
ance (front and rear) 

AC Power 

Cable Included 

Drive Performance 
Capacity (8-bit bytes) 

Per diskette 
Per track 
Per sector 

Data T ransfer Rate 
Diskette to controller 
buffer 

Buffer to RXV11 interface 
RXVt 1 interface to LSl-11 
I/O bus 

Track-to-track move 
Head settle time 
Rotational speed 


M7946 

Double 

+5 V ±5% at 1.5 A 

1.8 

1 

RX01 

46.3 cm w X 28.7 cm h X 53.3 cm 

d . .V 

(19 in w X 10.5 in h X 21 in d) 

55 cm (22 in) 

4 A at 115 Vac; 2 A at 230 Vac 
(dual drive) 

BC05L-15(15ft) 

256,256 bytes 
3,328 bytes 
128 bytes 

4 Msec/data bit (250K bits/sec) 

2 nsec/bit (500K bits/sec) 
18nsec/8-bit byte(<50K 
bytes/sec) 

6 msec/track maximum 
25 msec maximum 

360 rpm±2.5%: 166 msec/rev 
nominal 
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Recording surfaces per disk 
Tracks per disk 
Sectors per track 
Sectors per disk 
Recording technique 
Bit density 
Track density 
Average access 

Seek Settle 


1 

77 (0-76) or (0-114j) 

26(1-26) or (0-328) 

2002 

Double frequency 
3200 bits/in at inner track 
48 tracks/in 

262 msec, computed as follows: 

Rotate Total 


(77 tks/3) X 6 msec + 25 msec + (166 msec/2) = 262 msec 
Environmental Characteristics 


Temperature 
RX01, operating 


RX 01 , nonoperating 


15° to 32° C (59° to 90° F) am¬ 
bient; maximum temperature 
gradient = -6.7° C/hr (20° F/hr) 

-35° to -1-60° C (-30° to -1-140° 
F) 


Media, nonoperating 


-35° to -1-52° 
F) 


C (-30° to -1-125° 


NOTE 

Media temperature must be within 
perature range before use. 


operating tem- 


Relative Humidity 
RX01, operating 


RX01, nonoperating 


Media, nonoperating 
Magnetic field 


25° C (77° F) maximum wet bulb 
2° C (36° F) minimum dew point 
20 % to 80% relative humidity 

5% to 98% relative humidity (no 
condensation) 


10 % to 80% relative humidity 

Media exposed to a magnetic 
field strength of 50 oersteds or 
greater may lose data. 
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System Reliability 
Minimum number of 

revolutions/track 

Seek error rate 
Soft read error rate 
Hard read error rate 


3 million/media (head-loaded) 

1 in 10' seeks 
1 in 10' bits read 
1 in 10’' bits read 


NOTE 

The above error rates apply only to media that are 
properly cared for. Seek error and soft read errors 
are usually attributable to random effects the 
head/media interface, such as 
or dust. Both are called "soft” errors if the error 
recoverable in ten additional tries or less. Har 
errors cannot be recovered. Seek error retries 
should be preceded by an initialize. 


CONFIGURATION 

The"Tactory jumper locations on the M7946 interface fj® 

shown in Figure 1. Note that two styles of modules are “®®^’® ^ 
(etch Rev B) has machine-inserted jumpers; the other (etch Rev C) has 
wire-wrap jumpers. All M7946 interface modules are configured an 
shipped with preselected register addresses and ''®®*°''®f ® 

F^u?e 2 The control/status register (RXCS) address is 177170 and 
the data buffer register (RXDB) address is 177172. The interrupt vec 
tor is 264. As supplied, the factory-configured jumpers are for t 
normal addresses used with DIGITAL software. However, in applica¬ 
tions where more than one RXV11 system is required, appropriate 
rsteTaddresses and vecto.^.ay 

rnedryrer addresses 177174 (RXCS) and 177176 (RXDB), with an 
interrupt vector of 2708 (Table 2). 

Register Descriptions j,. _ The format for the RXCS 

Loading the RXCS register while the RX01 is not busy an 
1 will initiate a function described in Table 3. 
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DAL BITS- 
DEVICE I 


r j. J. i I i i'i i i L 


Wie W15 W'A W'3 


REGISTER SELECT 
»0--RXCS 
1=RXOB 


FACTORY- 
CONFIGURED - 

address 


RXCS=177170 


dal bits 

VECTOR 

address 



JUMPER ON _»VV6 '^5 W4 W2 

M7946 MODULE 111 


factory-CONFIGURED _j r R I 

VECTOR ADDRESS--264 


NOTE 
I-- 
R = 


Jumper 
Jumper 
Don't c< 


msioned = Loqicoi 9 

removed = Loqicoi t 


Figure 2 


Device Register Address and interrupt Vector 


Table 1 RXV11 Configurations 


System 

Disk Drive 

Line Voitage* 

RXV11-AA 

RXV11-AC 

RXV11-AD 

RXVII-BA 

RXV11-BC 

RXVII-BD 

Single drive system 
Single drive system 
Singie drive system 
Duai drive system 
Duai drive system 
Dual drive system 

115V/60 Hz 

115V/50 Hz 

230V/50 Hz 

115V/60 Hz 

115V/50 Hz 

230V/50 Hz 


50 HZ versions are available in voltages of 105, 115. 220, and 240 Vac by 
field-pluggable conversion. 
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Table 2 Standard Assignments 




Read/ 

Write 

First 

Second 

Description 

Mnemonic 

Module 

Address 

Module 

Address 

Registers 

Control/Status 
Data Buffer 

RXCS 

RXDB 

R/W 

R/W 

177170 

177172 

177174 

177176 

Interrupt 




Function 

Complete 

Done 

— 

264 

270 



001 EMPTY BUFFER 
010 WRITE SECTOR 
Oil READ SECTOR 

100 NOT USED 

101 READ STATUS 

110 WRITE DELETED 

DATA SECTOR 

111 READ ERROR 

REGISTER 

Figures RXCS Format 

Table 3 RXCS Bit Descriptions 


Bit 

0 

1-3 


Description 

Go. Initiates a command to RX01. This is a write-only 

Function Select. These bits code one of the eight 
possible functions described in detail in this section. 
Th6S6 ar© writs-only bits. 

H Of ihe two possible 

disks for execution of a desired function. This is a 
write-only bit. 
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5 

6 

7 

8-13 


15 


RXV11 

Done. This bit indicates the completion of a^ufiction. 
Done wiil generate an interrupt when ^ 

terrupt enable (RXCS bit 6) is set. This is a read-only 

bit. 

interrupt Enable. This bit is set by the prograrri to 
enabie an interrupt when the RX01 has completed an 
operation (done). The condition of this bit's normaliy 
determined at the time a function's 
is cleared by LSI-11 bus initialize (BINIT L) signal, 
but it is not cleared by the RXV11 initialize bit (RXCS 
bit 14). This is a read/write bit. 

Transfer Request. This bit signifies that the RX^11 
needs data or has data avaiiable. This is a read-only 

bit. 

Unused. 

RXV11 1 nitialize. This bit is set by the program to 
initialize the RXV11 without initializing all of the de¬ 
vices on the LSI-11 bus. This is a write-only bit. 


Caution „ , 

1 . Loading the iower byte of the RXCS will also 
load the upper byte of the RXCS. 

2. Setting this bit (BIS instruction) wiii not dear the 
interrupt enable bit (RXCS bit 6). 

upon setting this bit in the RXCS. the RXV11 wiil 
negate done and move the head position mecha¬ 
nism of drive 1 (if two are available) 'o track 0. Upon 
completion of a successful initialize, the RX01 will 
zero the error and status register, set initialize done 
and set RXES bit 7 (DRV RDY) if unit 0 is ready. It will 
also read sector 1 of track 1 on drive 0. 

Error. This bit is set by the RX01 to indicate that an 
error has occurred during an attempt to execute a 
command. This read-only bit is cleared by the 
initiation of a new command or by setting the initiai- 
ize bit. When an error is detected, the RXES is auto- 
maticaliy read into the RXDB. 
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Data Buffer Register (RXDB)(177172) 

This RX01 interface register serves as a general purpose data nath 
between the RX 01 and the interface. It may represent one of Jive RXOi 

rT TheTor^ ^--and functionTn pTog. 

RxIr ith H ® RXSA. RXES and 

63ch is dGscribsd b6low. 

™oZanT Ttanf T'“ process of executiop 

^Ps,s.e. 

Caution 

ZS da«?Z°“'"’“"''■“'“"O'’ »' ">'* may cause per- 

wd pZ O - All inlormalion transferred to 

and from the floppy media passes through this register, it is address 
able only under the protocol of the function in progress. 


15 

14 

13 

12 

11 10 

09 

08 

07 

06 

05 

c 

c 

o 

o 

ro 

O 

O 





1 














NOT 1 

USED 






V- 





READ/WRITE DATA 


Figure 4 RXDB Format 


RX Track Address (RXTA) (Figure 5) - This register is loaded to 
can's® ^ ‘a to operate S 

bS sSrouoSf Progress. 

Bits 8 through 15 are unused and are ignored by the controi. 


'0 09 08 07 


Figure 5 RXTA Format 
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RX sector Address (RXSA) (FJgu. 

indicate on which » protocol of the function in progress. 



Figure 6 RXSA Format 


RX Error and Status drive selected by bit 4 (unit 

current erro^r can be addressed only 

opioQt^ of th© RXCo. I nis rG y -ru^ dvcq ic lopstsd in 

Tndtr the protocol of the t-ction in 

the RXDB upon completion of a function. Table 4 iisis m 
descriptions. 
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Table 4 RXES Bit Descriptions 


Bit 


Description 


0 


1 


2 


3-5 


CRC Error. A cyclic redundancy check error was de¬ 

tected as information was retrieved from a data field 
of the diskette. The RXES is moved to the RXDB, and 
error and done are asserted. 


Parity Error. A parity error was detected on com- 

information being transferred to 
the RX01 from the LSI-11 bus interface. A parity 
error indication could mean that there is a probiem 
in the interface cabie between the RX01 and the in¬ 
terface. Upon detection of a parity error, the current 
function is terminated; the RXES is moved to the 
RXDB, and error and done are asserted. 


Initiaiize Done. This bit is asserted in the RXES to 
indicate completion of the initialize routine, which 
can be caused by RX01 power faiiure, system power 
failure, or programmable or LSI-1 1 bus initialization. 
Unused. 


Deleted Data Detected. During data recovery, the 
Identification mark preceding the data field was de- 
coded as a deleted data mark. 

Drive Ready. This bit is asserted if the unit currently 
sheeted exists, is properiy supplied with power, has 
a diskette installed correctly, has its door closed 
and has a diskette up to speed. 


NOTE 

The drive ready bit is only valid when retrieved via a 
read status function or at completion of initialize 
when it indicates status of drive 0. 

If the error bit was set in the RXCS but error bits are 
not set in the RXES, then specific error conditions 

accessed from the 

RXDB via a read error register function. 
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RX E,«..(RXER)(fl,ur.8)- 

rrj^eVren RxS erLl^E is se> ba. RXES e,ro, bi« 0 and 1 a,a 
not set. This is a read-oniy register. 



Octal Code 
010 
020 
030 
040 
050 
060 
070 

110 

120 

130 

140 

150 

160 

170 

200 

210 


Error Code Meaning 

Drive 0 failed to see home on initialize. 

Drive 1 failed to see home on initialize. 

Found home \when stepping out 10 tracks for INIT. 
Tried to access a track greater than 77. 

Home was found before desired track was reached. 

Self-diagnostic error. 

Desired sector could not be lound alter looking at 52 
headers (2 revolutions). 

More than 40 ^isec and no SEP clock seen. 

A preamble could not be found. 

Preamble found but no I/O mark found within allow- 
able time span. 

CRC error on what was thought to be a header. 

The header track address of a good header does not 
compare with the desired track. 

TOO many tries for an IDAM (identifies header). 

Data AM not found in allotted time. 

CRC error on reading the sector from the disk. No 
code appears in the ERREG. 

All parity errors. 


Figure 8 RXER Format 
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Function Codes 

Data storage and recovery on the RXV11 system is accomplished by 
careful manipulation of the RXCS and RXDB registers according to the 
stric protocol of individual functions. The penalty for violation of pro- 
tocol can be permanent data loss. Each of the functions is encoded 
d written into RXCS bits 1-3, as shown in Figure 3. Programmino 

protocol for each function is described below. '^•programming 

rilif ~ is used to fill the RX01 buffer with 128 

8 -bit bytes of data from the host processor. Fill buffer is a complete 
function in itself. The function ends when the buffer has been filled 
The contents of the buffer can be written onto the diskette by means of 
a subsequent write sector function, or the contents can be returned to 
the host processor by an empty buffer function. 

RXCS bit 4 (unit select) does not affect this function, since no diskette 
drive IS involved. When the command has been loaded, RXCS bit 5 
^one) IS negated. When the TR bit is asserted, the first byte of data 

each byte of data is loaded. The RX01 counts the bytes transferred. It 

rJl nf in excess. Any 

rSddItl transfers results in invalid 

Empty Buffer (001) - This function is used to empty the internal 
uffer of the 128 data bytes loaded from a previous read sector or fill 

negrte'do^T^"^^' ^^CS bit 4 (unit select) and 

unload the first of 128 data bytes from 
the RXDB. Then the RXV11 again negates TR. When TR resets, the 
second byte of data may be unloaded from the RXDB, which aqain 
negates TR. Alternate checks on TR and data transfers from the RXDB 
continue until 128 bytes of data have been moved from the RXDB 
Done sets, ending the operation and initiating an interrupt if RXCS bit 
(interrupt enable) is set. RXES contents are moved to the RXDB 
where they can be read. 


NOTE 

The empty buffer function does not destroy the con 
tents of the sector buffer. 


RXE^h! R mnf ! detected, the control will assert 

hof H ^® is computed 
based on the data field and CRC bytes previously recorded. A non- 
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zero residue indicates that a CRC error has occurred. IJ® 

RXES bit 0 (CRC error) and RXCS bit 15 (error). The RXV11 ends the 

"pfa«rbrmovln9.hUn«n,s^ 

and initiates an interrupt if RXCS bit 6 (interrupt enable) is set. 

Read Status (101) — The RXV11 will negate RXCS bit 5 ^ 

beain to assemble the current contents of the RXES Into the RXD . 
RXES St 7 (drive ready) will reflect the status of the drive selected by 
Scl bit 4 (urseleci) at the time the function was given. All other 
RXES bits vvill reflect the conditions created by the last command^ 
Say be sampled when RXCS bit 5 (done) is again asserted. An 
interrupt will occur if RXCS bit 6 (interrupt enable) is set. 

NOTE 

The average time for this function is 250 ms. Exces¬ 
sive use of this function will result In substantially 
reduced throughput. 


Write Sector with Deieted Data (110) - This operation 'Jenhcal to 
n^nction 010 (write sector), with the exception that ^ j^®'®'®^/^®!,® 
add^^s mark precedes the data field instead of a standard data ad¬ 


dress mark. 

Read Error Register Function (111) - The read error regjster fu"®' 
«on can be used to retrieve explicit error information con amed m the 
RXER when RXCS error bit 15 is set. The function is initiated, 

0-6 of rhe RXES are cleared. Out is asserted 

controller then generates the appropriate number of shift Po'ses to 
ra„S .h. ap Jmc error code Iron, me RXER .o ^ 

and completes the function by asserting done. The R^ff 
So men rSd Ihe error code to determine the type o1 leilore that 

occurred (Figure 8). 


NOTE 

Care should be exercised in the use of this function 
since, under certain conditions, erroneous error in- 
formation may result. 


Power Fail - There is no actual function code associated with power 
fail When the RX01 senses a loss of power, it will unload the head and 
atrtaTcrhollar action. All atatua aipnala are invalid while power ,a 

low. 
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1. Move drive 0 head position mechanism to track 0. 

2. Clear any active error bits. 

3. Read sector 1 of track 1 of drive 0 into the sector buffer. 

4. Set RXES bit 2 (initiaiize done) after which done is again asserted 

5 . Set drive ready of the RXES according to the status of drive 0 . 

Write Sector (010) — This function is used to locate a desired track 

buffe^'rh'^ contents of the internal sector 

buffer. The initiation of this function ciears bits 0, 1 and 6 of RXES 

done. negates 

When TR is asserted, the program must first move the desired sector 
address into the RXDB, which will negate TR. When TR Is again assert- 
^h- P''eg''ani must move the desired track address into the RXDB 
wh^h wili negate TR. If the desired track is not found, the RXV11 wnI 
RxS hi! t^® contents of the RXES to the RXDB, set 

SSupl IniKsT"' 

le^ctor' ff rJ plnf k1 ® *® '°®®te the desired 

'® “n®P'e to locate the desired sector within two 
diskette revoiutions. the RXV11 will abort the operation move Z 
contents of the RXES to the RXDB, set RXCS bit 15 (error) assert 
done, and initiate an interrupt if RXCS bit 6 (interrupt enable) is set. 

128 hv!!?!!'' located, the RXV11 wili write the 

128 bytes stored in the internal buffer followed by a 16-bit CRC char¬ 
acter that IS automatically calculated by the RX01. The RXV11 ends the 

(imru°pUnaSsT«. « 


NOTE 

The contents of the sector buffer are not valid data 
after a power loss has been detected by the RX01. 
The write sector function, however, will be accepted 
as a valid function, and the random contents of the 
buffer will be written, followed by a valid CRC. 

The write sector function does not destroy the con¬ 
tents of the sector buffer. 
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Read Sector (011) — This function is used to iocate a desired track 

and sector and transfer the contents of the data fieid 

controlier sector buffer. The initiation of this ® 

and 6 of RXES (CRC error, parity error, and deieted data detected) 

and negates done. 

When TR is asserted, the program must first move 
address into the RXDB, which wiii negate TR. When TR is ^Qai^n assert¬ 
ed, the program must move the desired track address into the RXDB, 

\which wiii negate TR. 

If the desired track is not found, the RXV11 wiii abort the operation 
IZ Ihe conKm. o. the RXES to the RXDB, set RXCS hit 15 lerror 
assert done, and initiate an interrupt if RXCS bit 6 (interrupt enabie) is 

s@t 

TR and done wiii remain negated whiie the RX01 attempts ‘o 'ocaje the 
desired track and sector, if the RX01 is unabie to iocate the desired 
sector within two diskette revoiutions after iocating J'JJ 

correct track, the RXV11 wiii abort the operation, move *^’® ° 

the RXES to the RXDB, set RXCS bit 15 (error), assert done, and 
initiate an interrupt if RXCS bit 6 (interrupt enabie) is set. 
if the desired sector is successfuiiy iocated, the controi wiii attempt to 

locate a standard data address mark or a d®'f ®!;, ^Torthe 

if either mark is properiy iocated. the controi wiii read data from the 

sector into the sector buffer. 

There is no guarantee that information being written at the time of a 
power faiiure wiii be retrievabie. However, aii other information on the 
diskette wiii remain unaitered. 

One method of aborting a function is through the use of RXCS bit 14 
(RXV11 initiaiize): however, this wiii not ciear the interrupt enabie bit 
(RXCS bit 6). Another method is through the use of the system 
Lmaifze signai that is generated by the PDP-11 RESET instruction, the 
consoie ODT Go command, or system power faiiure. 

PROGRAMMING 
Bootstrapping the RXV11 

The RXV11 bootstrap ioader program ioads the system 'Tionitor frorn 
disk into system memory. No system operation can unh'the 

monitor is contained in system memory. Bootstrapping < Poo^mg ) the 
system can be accompiished via a hardware-impiemented bootstrap 
in the REV11-A, REV11-C, or the BDV11 option, or it can be entered 
and executed via the console device. 


606 








RXV11 


Le rr rsfL-r^r ^r^.x^'a^aTUn^r 

alMnte^pfa^TamaSrRS^ 'mV'^orI*! 


RX01 


LOCATION 

CODE 

1000 

12702 

1002 

100247 

1004 

12701 

1006 

177170 

1010 

130211 

1012 

1776 

1014 

112703 

1016 

7 

1020 

10100 

1022 

10220 

1024 

402 

1026 

12710 

1030 

1 

1032 

6203 

1034 

103402 

1036 

112711 


RX01 

LOCATION CODE 

1040 
1042 
1044 
1046 
1050 
1052 
1054 
1056 
1060 
1062 
1064 
1066 
1070 
1072 
1074 


111023 

30211 

1776 

100756 

103766 

105711 

100771 

5000 

22710 

240 

1347 

122702 

247 

5500 

5007 
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RXV21 FLOPPY DISK OPTION 


data The RXV21 system is rack-mountable and consis 

111 . an ilrface cable, and either a single or dual BX02 
floppy disk drive. 


FEATURES 

• Compact disk system 

• stores/retrieves 512K 8-bit bytes of data 

• Rack mountable 

• Available with either single or dual disk drive 


• Available for 115 or 230 Vac, 50 or 60 Hz 

• Can be converted (50 Hz version) for 105, 115, 220 or 240 ac 
operation 

• Direct Memory Access data tranfer 

• industry-compatible mode under software selection 


SPECIFICATIONS 

Module 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 


M8029 

Double 

-H5V±5%at1.8A typically 

3 

1 


Drive 

Identification 

Size 

Recommended Service 


RX02 

46.3 cm w X 28.7 cm h X 53.3 cm 
d 

(19 in. w X 10.5 in. h X 21 in. d) 

55 cm (22 in.) 

Clearance (front and rear) 
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AC Power 

Cable Included 

Drive Performance 
Capacity (8-bit bytes) 

Per diskette 

Per track 

Per sector 

Data Transfer Rate 
Diskette to controiler buffer 

Buffer to RXV21 interface 


4A at 115 Vac; 2A at 230 Vac 
(duai drive) 

BC05L-15(15ft.) 

512,512 bytes 
6,656 bytes 
256 bytes 

2 Msec/data bit {500K bits/sec) 
1.2 /itsec/bit (500K bits/sec) 


RXV21 interface to LSI-11 23 ^sec/ie-bit word 

I/O bus 


Track-to-track move 
Head settle time 
Rotational speed 


6 msec/track maximum 

25 msec maximum 

360 rpm ±2.5%; 166 msec/rev 
nominal 


Recording surfaces per disk 
Tracks per disk 
Sectors per track 
Sectors per disk 
Recording technique 

Bit density 

Track density 
Average access 

Seek Settle 


1 

77 (0-76) or (O-lUg) 

26(1-26) or (0-328) 

2002 

Double frequency (FM) or modi¬ 
fied (MFM) 

3200 bpi (FM); 6400 bpi (modified 
MFM) 

48 tracks/in. 

262 msec, computed as follows: 

Rotate Total 


(77 tks/3) X 6 msec ± 25 msec ± (166 msec/2) = 262 msec 
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Environmental Characteristics 
Temperature 
RX02, operating 


RX02, nonoperating 
Media, nonoperating 


15° to 32° C (59° to 90° F) am¬ 
bient; maximum temperature 

gradient = irC/hr(20°F/hr) 

-35° to+60° C (-30° to+140 

F) 

-35° to +52° C (-30° to +125° 
F) 

within operating tem- 


NOTE 

Media temperature must be 
perature range before use. 


Relative Humidity 
RX02, operating 

RX02, nonoperating 

Media, nonoperating 
Magnetic field 

System Reliability 
Minimum number of revolu¬ 
tions/track 
Seek error rate 
Soft read error rate 
Hard read error rate 


25° C (77° F) maximum wet bulb 
2° C (36° F) minimum dew point 
20% to 80% relative humidity 

5 % to 98% relative humidity (no 
condensation) 

10% to 80% relative humidity 

Media exposed to a magnetic 
field strength of 50 oersteds or 
greater may lose data. 

3 mlllion/media (head-loaded) 

11 n 10 ® seeks 
11 n 10® bits read 
1 in 10 ’® bits read 

NOTE 


^ above error rates apply only to DIGITAL-ap- 
)ved media that Is properly cared for Seek error 
d soft read errors are usually attributable to ran 
m effects In the head/medIa interface, 

.rtrical noise, dirt, or dust. Both are called soft 


610 



















RXV21 


errors in that the error Is recoverable in ten addition¬ 
al tries or less. “Hard” errors cannot be recovered. 
Seek error retries should be preceded by an 
initialize. 


description 

The interface moduie converts the RX02 I/O bus to the LSI-11 bus 
Structure^ It controls the RX02 interrupts to the processor, decodes 
® '■egister seiection, and handies the data inter- 

change between the RX02 and the processor via DMA transfers. 
Power for the interface module is supplied by the LSI-11 bus. 


Table 1 RXV21 Configurations 


System 

RXV21-AA 

RXV21-AC 

RXV21-AD 

RXV21-BA 

RXV21-BC 

RXV21-BD 


Disk Drive 

Single drive system 
Single drive system 
Single drive system 
Duai drive system 
Dual drive system 
Duai drive system 


Line Voltage* 

115V/60 Hz 
115V/50 Hz 
230V/50 Hz 
115V/60HZ 
115V/50 Hz 
230V/50 Hz 


50 Hz versions are available in voltages of 
field-pluggable conversion. 


105, 115, 220, and 240 Vac 


by 


CONFIGURATION 

General 

The facton/ jumper locations on the M8029 interface module are 

interface modules are configured and 
shipped wth preselected register addresses and vectors aLhown in 

thni h ff register {RX2CS) address is 177170, and 

(RX2DB) address is 177172. The interrupt 

no^mni'nS f^^to^y-configured jumpers are for the 

r^ormal addresses used with DIGITAL software. However, in applica¬ 
tions where more than one RXV21 system is required, appropriate 
vectors may be configured by installing or 
removing jumpers. A second RXV21 system would normally be as¬ 
signed register addresses 177200 (RX2CS) and 177202 (RX2DB) with 
an interrupt vector of 2708 (Table 2). ' 
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Register Descriptions q. _ -^he format for the RX2CS 

1 will initiate a function described m Table 3. 



Figure 1 RXV21 Device Register and Interrupt Vector Jumper 

Locations 
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To select the standard address, the following jumpers are installed: 


A12 

Installed 

A11 

Installed 

A10 

Installed 

A9 

Installed 

A8 

Removed 

K7 

Removed 

A6 

Installed 

A5 

Installed 

A4 

Installed 

A3 

Installed 


The standard Interrupt Vector Is selected by installing the following jumpers: 


V2 

V3 

V4 

V5 

V6 

V7 

V8 


Installed 

Removed 

Installed 

Installed 

Removed 

Installed 




Figure 2 Device Register Address and Interrupt Vector 



Table 2 

Standard Assignments 


Description 

Mnemonic 

Read/ 

Write 

First 

Module 

Address 

Second 

Module 

Address 

Registers 

Control/ 

RX2CS 

See register 

177170 

177150 

Status 

Data Buffer 

RX2DB 

description 

177172 

177152 

Interrupt 

Function 

Done 


264 

270 

Complete 
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15 

1 ERR 

14 

1 RX 

INIT 

13 

1 EX 

ADDR 

12 

EX 

ADDR 

11 

RX02 

10 

0 

9 

HD 

SEL 

b 

DEN 

/ 

T/R 

INT 

ENB 

DONE 

UNIT 

SEL 

FUNCTION 

GO 

R 

W 

W 

W 

R 

W 

R/W 

R/W 

P 

R 

R/W 

R 

R/W 

w 



Figure 3 RX\/21 Command and Status Register (RX2CS) 


Table 3 RX2CS Bit Descriptions 


Jit: 0 Name: GO 

^unction: Initiates a command to the RX02. Write-only. 

1-3 Name: Function Select 

Faction: These bits code one of the eight possibie functions de¬ 
scribed in the Programming Specification. Write-only. 

Rit' 4 Name: Unit Select 

Function: This bit seiects one of the two possible disks for execution 
of the desired function. This bit is readable only when DONE is set. 
that time, it indicates the unit previously selected. At any other time 

not valid. 

Zctlo. completion o, a 

an interrupt upon being asserted It Interrupt Enable (BX2CS Bit 6) 
set. Read-only. 

^llrtt r-t irsTb^; fbTproP-to enable an ,rue™ 

!be BX02 has completed an operation (DONEV ™ “ 

is normally determined at the time a function is initiated. Cieared oy 

initialize. Read/write. 

Bit-7 Name: Transfer Request 

Function- This bit signifies that the RXV21 needs the next word in the 
register protocol sequence (see Programming Specification). Read- 

only. 

Function- This bit Sterrnines the density of the function to be exe¬ 
cuted This bit is readable only when DONE is set. 'J 

indicates the density of the function previously executed. This bit is no 

valid at any other time. 
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Table 3 RX2CS Bit Descriptions (Cont) 

Bit: 9 Name: Head Select 

v“S ““ «“"V>i"'e.'iti"; 

Bit; 10 Name: 

Function: Reserved Note: Must be written 0 . 

Bit: 11 Name: RX02 

Bit: 12-13 Name: Extended Address 

Wm^-omy. extended bus address. 

Bit: 14 Name: RXV21 Initialize 

wS^ruTrnitia'lizing‘^M of t^e deJiJes oXuNIBUs""'''*'® '''''''' 

.If*s=s 

Bit: 15 Name: ERROR 

S==r~~r~'“"“ 

RXV21 Data Buffer Register (RX2DB) 

and tl^RXI/P^'^lTma* ^ General purpose data path between the RX02 

co.n,an.; „ * 

Caution 

Vio^tion of protocol in manipulation of this register may 
cause permanent data loss. ^ 
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RX2DB—RXV21 Data Buffer Register 



RX2WC-RXV21 word Count Register - For a double density sector 
RX2WC—HAvzi density sector the 

the maximum word count is ^ t^e limit for the 

maximum word count is 6 io- vA/r^rH rnunt Overflow (Bit 10 of 

density indicated, the coritroi the 2’s 

RX2ES). Wnte-oniy registe The ^ 


1*5 ® 

7 

6 

5 

4 

3 

2 

1 

0 

Ij --- 

0 

V 









0- 128io 

RX2BA-RXV21 Bus Address Register - This register specihes the 
write-oniy register (See Programming). 


RX2CA-RXV21 Track Address Register - This is a write-oniy re Js- 
function in progress. 


O-IUq 


RX 2 SA—RXV21 Sector Address Register — This is a write-oiMy 
the function in progress. 


8 

7 

6 

5 

4 

3 

2 1 

0 

15 --- 

0 

0 

0 






1-328 
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RX2ES—RXV21 Error and Status Register — The RX2ES is a read- 

DrivJSv te^'^ination (DONE) of each function. The 

Drive Ready bit is only updated during an Initialize or Read Status 
function At the termination of any other function, it reflects the drive 
status of the last Read Status or Initialize command. 


N«M L*': 

lOVFL SEL 


UNIT 

SEL 


DEL 

DATA 


INIT SIDE CRC 
done ROY err 


Bit: 0 Name: CRC Error 

Function: The cyclic redundancy check at the end of the data field 
has indicated an error. The data collected must be considered invalid 

IS ouggested that the data transfer be re-tried up to 10 times as most 
data errors are recoverable (soft). nmes, as most 

Bit: 1 Name: Side 1 Ready 

Function: This bit, when set, indicates that a double-sided diskette is 
mounted in a double-sided drive and is ready to execute a function 
his bit IS only valid at the termination of an Initialize sequence or a 
Maintenance Read Status command. 

Bit: 2 Name: Initialize Done 

completion of the initialize routine. Can be as- 
e ted due to. a) a RX02 power failure, B) system power failure 

programmable or bus initialize. ^ y^tem power failure, C) 

Bit: 3 Name: RX AC LO 

Fun«ion: RX power fellpre. Bit Is set when the suPsystem power is 
Bit: 4 Name: Density Error 

*»’® in progress does 

not match the Drive Density. Upon detection of this error the control 
terminates the operation and asserts Error and Don! 

Bit: 5 Name: Drive Density 

Bit: 6 Name: Deleted Data 

Function: In the course of recovering data, the “deleted data” an 

bit!s®f iT" ‘^^^ining of the data field. The Drv Den 

bit(s) indicate whether the mark was an address mark. The data fol- 
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this mark, must be accomplished by user software. 

disk ®“y de presumed to be ready to perform 

erop-awr, ™s orrl, »Ld when retrieved with a Read Status 
function or initialize. 

EiraU^Sd'Th^^sllCeew:^^^^^^ 

commands Which require drive operation. 

Bit: 9 Name: Reserved 

Function: 

Ds*> Namo* Word Count Ov©rflow 4.1-e^ 

sre„rthrerd^rrb;:rs«^^^^^ 

nate the Fill or Empty Buffer operation and set Error and Done. 

r Vion- rsTwhll Drt7an2'IS belnp performed and 

me"memory address specified in RX2BA is nonexistent (does not re- 
spond to MSYN within 10 ^sec.). 

PROGRAMMING pyuoi occurs with careful manlpu- 

Data storage and recovery following the strict 

SE"r=r=SLi-=i-: 

a previous function are ignored. 
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Function Codes 


The following is a detailed description of the 
associated with each function encoded and 
RX2CS if DONE is set. 


programming protocol 
written into bits 1-3 of 


Function Description 


000 Fill Buffer 

This function is used to fill the RX02 data buffer with 
the number of words of data specified by the RX2WC 
register. “Fill Buffer” is a complete function in itself 
The function ends when RX2WC overflows and. if 
necessary, the control has zero-filled the remainder 
of the buffer. The contents of the buffer may be writ¬ 
ten on the disk, by means of a subsequent Write 
Sector command, or returned to the host processor 
by an “Empty Buffer” command. To initiate this 
function, the RX2CS is loaded with the function. Bit 4 
of the RX2CS (Unit Select) does not affect this func- 
tion, since no disk operation is Involved. Bit 8 (DensI- 
ty) must be properly selected since this determines 
the Word Count limit. When the command has been 
oaded, the DONE bit (RX2CS Bit 5) goes false. When 
the TR bit is asserted, the RX2WC may be loaded 
into the data buffer register. When TR is again as¬ 
serted, the RX2BA may be loaded into the RX2DB. 

The data words are transferred directly from memo- 

operation, when 

RX2WC overflows and the control has zero-filled the 
remainder of the sector buffer, if necessary. If bit 6 
RX2CS (Interrrupt Enable) is set, an interrupt is 
initiated. Any read on the RX2DB during the data 
transfer is ignored by the RXV21. After DONE is true 
the RX2ES is located in the RX2DB register. 

’1 Empty Buffer 

This function is used to empty the contents 6f the 
internal buffer through the RXV21 for use by the host 
processor. This data is in the buffer as the result of a 
previous “Fill Buffer” or “Read Sector” command. 

The programming protocol for this function is identi¬ 
cal to that for the “Fill Buffer” command. The RX2CS 
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is loaded with the command to initiate the function. 
This function will ignore bit 4 RX2CS (Unit Selec ). 
RX2CS bit 8 (Density) must be selected to allow the 
proper word count limit. When the command has 
been loaded, the DONE bit (RX2CS bit 5) goes false. 
When the TR bit is asserted, the RX2WC may be 
loaded into the RX2DB. When TR is again asserted, 
the RX2BA may be loaded into the RX2DB. The 
RXV21 assembles one word of data at a time and 
transfers it directly to memory. Transfers occur unhl 
Word Count overflow, at which time the operation is 
complete and DONE goes true. If bit 6 RX 2 CS (Inter¬ 
rupt Enable) is set, an interrupt is initiated. After 
hnNE is true the RX2ES is located in the data buffer 


register. 

Write Sector 

This function is used to locate a desired sector on 
the diskette and fill it with the contents of the mtejnal 
buffer. The initiation of the function clears RX2Eb, 

TR, and DONE. 

A. When TR is asserted, the program must load the 
desired Sector Address into RX2DB, which will 
dropTR. 

TR will remain unasserted while the RX02 at¬ 
tempts to locate the desired sector. The diskette 
density is determined at this time and is com¬ 
pared to the function density. If the densities do 
not agree, the operation is terminated; bit 4 
RX2ES is set, RX2ES is moved to the RX2DB, 
Error (bit 15 RX2CS) is set, DONE is asserted, 
and an interrupt is initiated if bit 6 RX2CS (Inter¬ 
rupt Enable) is set. 

If the densities agree but the RX02 is unable to 
locate the desired sector within two diskette rev¬ 
olutions, the RXV21 will abort the operation, 
move the contents of RX2ES to the RX2DB, set 
ERROR (bit 15 RX2CS), assert DONE, and initi¬ 
ate an interrupt if Bit 6 RX2CS (Interrupt Enable) 
is set. 
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B. If the desired sector has been reached and the 
densities agree, the RXV21 will write the 1 2Q^q or 
64io words stored in the internal buffer followed 
by a CRC character which is automatically cal¬ 
culated by the RX02. The RXV21 ends the func¬ 
tion by asserting DONE and if bit 6 RX2CS (In¬ 
terrupt Enable) is set, initiating and interrupt. 

CAUTION: 

The contents of the sector buffer are not valid data 
after a power loss has been detected by the RX02. 
“Write Sector” however, will be accepted as a valid 
instruction and the (random) contents of the buffer 
will be written, followed by a valid CRC. 

NOTE: 

The contents of the sector buffer are not destroyed 
during a write sector operation. 

Read Sector 

This function is used to locate the desired sector and 
transfer the contents of the data field to the internal 
buffer In the control. This function may also be used 
to rapidly retrieve (5 ms) the current status of the 
drive selected. The initiation of this function clears 
RX2ES,TR, and DONE. 

A. When TR is asserted, the program must load the 
desired Sector Address into the RX2DB, which 
will drop TR. When TR is again asserted, the 
program must load the desired Cynlinder 
Address into the RX2DB, which will drop TR. 

TR and DONE will remain unasserted while the 
RX02 attempts to locate the desired sector. If the 
RX02 Is unable to locate the desired sector with¬ 
in two diskette revolutions for any reason, the 
RXV21 will abort the operation, set DONE and 
ERROR (Bit 15 RX2CS), move the contents of 
the RX2ES to the RX2DB, and if Bit 6 RX2CS 
(Interrupt Enable) is set. Initiate an interrupt. 

B. If the desired sector is successfully located, the 
control reads the data address mark and deter¬ 
mines the density of the diskette. If the diskette 
(drive) density does not agree with the function 
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N 


1 

S* 


100 


0 



^ r«K 



density, the operation Is terminated and DONE 
and ERROR (bit 15 RX2CS) are asserted. Bit 4 
RX2ES Is set (Density Error) and the RX2ES is 
moved to the RX2DB. If Bit 6 RX2CS (Interrupt 
Enable) is set, an interrupt is initiated. 

D. If the desired sector is successfully located, the 
densities agree, and the data are transferred 
with no CRC error, DONE will be set and if Bit 6 
RX2CS (Interrupt Enable) is set, the RXV21 initi¬ 
ates an interrupt. 


Set Media Density 

This function causes the entire diskette to be reas¬ 
signed to a new density. Bit 8 RX2CS (Density) indi¬ 
cates the new density. The control reformats the 
diskette by writing new data address marks (double 
or single density) and zeroing out all of the data 
fields on the diskette. 


The function is initiated by loading the RX2CS with 
the command. Initiation of the function clears RX2ES 
and DONE. When TR is set, an ASCII “I” (111) must 
be loaded into the RX2DB to complete the protocol. 
This extra character is a safeguard against an error 
in loading the command. When the control recog¬ 
nizes this character it begins executing the com¬ 
mand. 


The control starts at Sector 1, Track 0 and reads the 
header Information, then starts a write operation. If 
the header information is damaged, the control will 
abort the operation. 

If the operation is successfully completed, DONE is 
set and if Bit 6 RX2CS (Interrupt Enable) is set, an 
Interrupt is initiated. 

NOTE: 

If double-sided media is mounted in a double-sided 
drive, both sides are set to the same density auto¬ 
matically. 
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CAUTION: 

This operation takes about 15 seconds and should 
not be interrupted. If for any reason the operation is 
interrupted, an illegal diskette has been generated 
which may have data marks of both densities. This 
diskette should again be completely reformatted. 

101 Maintenance Read Status 

This function is initiated by loading the RX2CS with 
the command. DONE is cleared. The Drive Ready bit 
(Bit 7 RX2ES) is updated by counting index pulses in 
the control. The Drive Density is updated by loading 
the head of the selected drive and reading the first 
data mark. All other RX2ES bits reflect the condi¬ 
tions created by the last command. During this 
function, in addition to status, the control performs 
the wraparound mode in the device electronics. If an 
error occurs while wrapping the data from the Sector 
Buffer through the device electronics, the Error bit 
(Bit 15 RX2CS) is set. The RX2ES is moved into the 
RX2DB. The RX2CS may be sampled when DONE 
(Bit 5 RX2CS) is again asserted and if Bit RX2CS 
(Interrupt Enable) is set, an interrupt will occur. This 
operation requires approximately 250 msec to com¬ 
plete. 

NOTE: 

If double-sided media is mounted in a double-sided 
drive, the Side 1 Ready bit (RX2ES bit 1) is set. 

110 Write Sector With Deleted Data 

This operation is identical to function 011 (Write Sec¬ 
tor) with the exception that a deleted data address 
mark is written preceding the data rather than the 
standard data address mark. The Density bit associ¬ 
ated with the function indicates whether a single or 
double density deleted data address mark will be 
written. 

111 Read Error Code 

The Read Error Code function implies a read ex¬ 
tended status. In addition to the specific Error code, 
a dump of the control’s internal scratch pad registers 
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also occurs. This is the only way that the Word Count 
Register can be retrieved. This function is used to 
retrieve specific information as well, as drive status 
information, depending on detection of the general 
ERROR BIT. 

The transfer of the registers is a DMA transfer. The 
function is initiated by loading the RX2CS with the 
command. DONE goes false. When TR is true, the 
RX2BA may be loaded into the RX2DB and TR goes 
false. The registers are assembled one word at a 
time and transferred directly to memory. 

Following is the Register Protocol. 

NOTE: 

The Density bit (bit 8 RX2CS) must be loaded with 
the function, if the wrong assumption was made, an 
error is returned. 


Following is the Register Protocol. 



15 ® 

JL 

WORD 1 

WORD COUNT REGISTER 

DIFINITIVE ERROR CODE 


15 ® 

^ _^ 

WORD 2 

CURRENT TRACK ADDR DRV 1 

CURRENT TRACK ADDR DRV 0 


15 ® 

7_ 0 

WORD 3 

TARGET SECTOR 

TARGET TRACK 


15 ® 

7 0 

WORD 4 

BAD TRACK * 

SOFT STATUS 


Table 4 Definitive Error Codes 


10 DRIVE 0 FAILED TO SEE HOME ON INITIALIZE 

20 DRIVE 1 FAILED TO SEE HOME ON INITIALIZE 

40 TRIED TO ACCESS A TRACK GREATER THAN 76 

50 HOME WAS FOUND BEFORE DESIRED TRACK 

WAS REACHED 
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Table 4 Definitive Error Codes (Cont) 


70 


?2^TRIES ''OUND AFTER 


110 


CLOCK^n'^^ microseconds and no SEP 


120 

130 


150 


160 

170 

200 

220 

230 

240 

250 


A PREAMBLE COULD NOT BE FOUND 

A PREAMBLE FOUND BUT NO ID MARK FOUND 
WITHIN ALLOWABLE TIME 

the track address of a good HEADER DOFQ 

not COMPARE WITH DESIRED TRACK 

TOO MANY TRIES FOR IDAM 

DATA ARE NOT FOUND IN ALLOTTED TIME 

CRC ON READING THE SECTOR FROM THE DISK 

FAILED MAINTENANCE WRAPAROUND CHECK 

WORD COUNT OVERFLOW 

DENSITY ERROR 

MAND density COM- 


RX02 Power Fail or Initialize 

When the RX02 control senses a loss of power within the RX02 it wmi 
unload the head and abort all controller action The RXAC L iil l 

SfsZn cr“ " .. -- 

1. Move each drive head position mechanism to track 00 

2. Clear any active error bits 

3. Read sector 1 of track 1, on drive 0 

4. Assert Initialize DONE in the RXES 

.... 
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iilIrrS-SHrS 

restored, the above power-up sequence is started. 

• This is the oniy valid bit in the RX2ES at this time. 

Programming Examples for Typical Operation 

Disk Write 

A typical disk write sequence, which is initiated by the user program, 
would occur in two steps. 

TR and moves the Bus Address into the RX2DB. 

"’'a i„.o >he 

.. 

program has enabled interrupts. 

Write Sector-A command to write the contents of the 
" .3 moved io,o me RX2CS. Th; 

,h^n TR iq Ret moves the desired sector address to the RX2D . 

ation is completed, the DONE bit is set and an interrupt will occur 
program has enabled interrupts. 

Disk Read 

A tvDical disk read operation occurs in the reverse order. First, the 
deSred traS end aaCor are located and the contanta ol the a«to are 
rpad into the sector buffer (Read Sector). Then, the contents of the 

sector buffer are unloaded into memory (Empty Buffer).®'''^®'' ®®®®’ 
Se ot the aector buffer are not valid if either a Power Fail or 

initialize follows a Fill Buffer or Read Sector function. 
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BOOTSTRAPPING THE RXV21 

The RXV21 bootstrap loader program loads the system monitor from 
disk into system memory. No system operation can occur until the 
monitor is contained In system memory. Bootstrapping ("booting") the 
system can be accomplished via a hardware-implemented bootstrap 
in the BDV11 optiion, the MXV11-A with MXV11-A2 boot chips, or It 
can be entered and executed via the console device. 

The following bootstraps are entered under microcode ODT. The boo¬ 
table volume must be In drive zero. All devices are at standard ad¬ 
dresses and vectors. Enter the code starting at location 1000. Inhibit 

all Interrupts by entering RS/_340 <CR>. Initialize the program 

counter by entering R7/_1000 <CR>. After the code has been en¬ 

tered, type P. 



RX02 DOUBLE 
DENSITY 

RX02 SINGLE 
DENSITY 

LOCATION 

CODE 

CODE 

1000 

12700 

12700 

1002 

100240 

100240 

1004 

12701 

12701 

1006 

177170 

177170 

1010 

5002 

5002 

1012 

12705 

12705 

1014 

200 

100 

1016 

12704 

12704 

1020 

401 

401 

1022 

12703 

12703 

1024 

177172 

177172 

1026 

30011 

30011 

1030 

1776 

1776 

1032 

100437 

100437 

1034 

12711 

12711 

1036 

407 

7 

1040 

30011 

30011 

1042 

1776 

1776 

1044 

100432 

100432 

1046 

110413 

110413 
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LOCATION 

1050 
1052 
1054 
1056 
1060 
1062 
1064 
1066 
1070 
1072 
1074 
1076 
1100 
1102 
1104 
1106 
1110 
1112 
1 114 
1116 
1120 
1122 
1124 
1126 
1130 
1132 
1134 
1136 


RX02 DOUBLE 
DENSITY 

CODE 

304 

30011 

1776 

110413 

304 

30011 

1776 

100421 

12711 

403 

30011 

1776 

00414 

10513 

30011 

1776 

100410 

10213 

60502 

60502 

122424 

120427 

3 

3735 

12700 

0 

5007 

0 


RX02 SINGLE 
DENSITY 

CODE 

304 

30011 

1776 

110413 

304 

30011 

1776 

100421 

12711 

3 

30011 

1776 

100414 

10513 

30011 

1776 

100410 

10213 

60502 

60502 

122424 

120427 

7 

3735 

12700 

0 

5007 

0 
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TEV11 TERMINATOR 


GENERAL 

The TEV11 terminator module provides 120-ohm termination circuits 
as shown in Figure 1. 


FEATURES 

SPECIFICATIONS 

Identification 

Size 
Power 
Bus Loads 

AC 

DC 


M9400-YB 

Double 

+5 Vdc ± 5% at 0.54A 

0 

0 


DESCRIPTION 


General 


Each bus signal line terminates with two resistors as shown in Figure 2. 
These termination resistors are generally contained in a 16-pin, dual- 
in-line package which is identical to an 1C package. Each package 
contains 14 termination pairs. The values used are shown in the figure. 
Daisy-chained grant signals are terminated and jumpered. BIAKI L is 
jumpered to BIAKO L and BDMGI L Is connected to BDMGO L via 
factory-installed jumper W1. 




V) 


M9400-YB 

m 



120fl BUS 


M 



TERMINATION 


!j 







11-3597 


TO/FROM 

SIGNAL 

LINES 


180 n 


39012 


Figure 1 TEV11 Functions 
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Figure 2 Typical 
120-Ohm Bus Termination 
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TU58 CARTRIDGE TAPE DRIVE 
GENERAL 

The TU58 is a low-cost Intelligent mass memory device that offers 
random access to block-formatted data on pocket-size cartridge 
media. It Is ideal as a small computer systems device, as Inexpensive 
archive mass storage, or as a software update distribution medium. A 
dual drive TU58 offers 512 Kb of storage space, making It one of the 
lowest cost complete mass storage subsystems available. 



Figure 1 Loading a Cartridge 
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FEATURES 

• 512 Kb per dual drive subsystem 

• RS422, RS423, and RC232-C serial line I/O 

• Reliable 30 inches per second read/write tape speed combined with 
60 inches per second bidirectional search speed 

• Flexible baud rates from 150 to 38,400 

• Complete tape subsystem on one P.C. module for compact 
mounting 

• Microprocessor-based subsystem with automatic soft-error recov¬ 
ery via rereads. 


SPECIFICATIONS 

Performance 

Capacity per cartridge 

Data reliability 
Soft data error rate 

Hard error rate 

Hard error rate with write verify 
and system correction 

Error checking 
Average access time 
Maximum access time 
Read/write tape speed 
Search tape speed 
Bit density 
Flux reversal density 
Recording method 
Medium 


262,144 bytes, formatted In 512 
blocks of 512 bytes each 

1 In 10^ bits read (before self-cor¬ 
rection) 

1 in 10® bits read (unrecoverable 
within eight automatic retries) 

2 In 10^^ bits read/written 

Checksum with rotation 
9.3 seconds 
28 seconds 
76 cm/s (30lps) 

152 cm/s (60 Ips) 

315 bIts/cm (800 bIts/in.) 

945 fr/cm (2400 fr/in.) 

Ratio encoding 

DECtape II cartridge with 42.7 m 
(140 ft.) of 3.81 mm (0.150 in.) 
tape 

Size: 6.1 X 8.1 X 1.3 cm (2.4 X 
3.2 X 0.5 in.) 
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Track format 

Two tracks, each containing 1024 
individuaiiy numbered, firmware- 
interleaved “records." Firmware 
manipulates four records at each 
operation to form 512-byte 
blocks. 

Drive 

Single motor, head integrally cast 
into molded chassis. 

Drives per controller 

1 or 2. Only one may operate at a 
time. 

Electrical 

Power consumption 

Module and 1 or 2 drives 

11 W, typical, drive running 
+5V ±5% at0.75A, maximum 
-I-12V + 10% -5% at 1.2A, peak 

0.6A average running 

0.1 A idle 

Serial interface standards 

In accordance with RS422 or 

RS423: compatible with RS232-C. 

Mechanical 

Drive 

8.1 H X8.3 D X 10.6 Wcm(3.2 X i 

3.3 X 4.1 in.) with 19 cm (7.5 in.) 
cable 0.23 Kg (0.516 lbs.) 

j Board (Module) 

I 

13.2 H X 26.5 D X 3.5 W cm (5.19 

X 10.44 X 1.4 in.) 0.24 Kg (0.5316 
lbs.) 

Power connector to module 

AMP 87159-6 with 87027-3 con¬ 
tacts (DEC part nos. 12-12202- 
09,12-12203-00) 

I Interface connector to module 

i 

! 

1 

AMP 87133-5 with 87124-1 lock- 1 

ing clip contacts and 87179-1 in- | 

dex pin (DEC part nos. 12-14268- | 

02,12-14267-00,12-15418-00) ( 
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Environmental 

Maximum dissipation 

TU58-AB, TU58-BB 
Temperature 
TU58-AB,BB operating 

TU58-AB, BB nonoperating 

Medium operating 
temperature 

Maximum temperature 
difference between system 
ambient and TU58 module 

Relative Humidity, noncondensing 
TU58 operating 
Maximum wet bulb 
Minimum dew point 
Relative humidity 
TU58 nonoperating 
Medium nonoperating 


34 Btu/hour 

15‘’C(59‘’F)to4 ‘>C(108®F) 

-34»C (-30°F) to eO'C (UOOF) 
0‘>C(32°F)to50‘’C(122'-F) 

18<’C(32.4‘>F) 


26‘>C (79°F) 
2‘>C(36‘’F) 
20% to 98% 
5% to 98% 
10% to 80% 


DESCRIPTION 

General 

The tape cartridges are DIGITAL preformatted miniature reel-to-reel 
packages containing 42.7 m (140 ft.) of 3.81 mm (0.15 in.) wide tape. 
The tape is driven by a single puck which engages a roller which 
moves an elastomer drive belt in the cartridge. This belt loops around 
both tape spools and provides uniform tension and spill-free winding 
without mechanical linkages (Figure 1). The simple single-point drive 
mechanism allows high reliability for the entire system. 

The control and drive circuitry of the TU58 is located on a single circuit 
board. The motor, tape head control, driver, and switching circuits to 
manage the tape drives are located on the printed circuit board along 
with the subsystem’s microprocessor. Operational amplifiers, com¬ 
parators, and logic circuits perform amplification, signal switching and 
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conditioning, proportional control, and logic steering functions In the 
controller. The tape Is protected by motor current limiting and an anti¬ 
runaway timer. Although the controller supports one or two drives, 
only one drive can operate at a time. Head selection and motor 
selection, speed and direction changes, etc., are managed by outputs 
from I/O ports on a peripheral 1C. The mechanical actions of the drives 
themselves are supervised by the microprocessor to Improve the sys¬ 
tem’s performance. 



Figure 2 An Exchange in Radial Serial Protocol I 

Because of the microprocessor intelligence, requests from the host for j 
data retrieval or storage need only contain simple specifications about ! 
the transfer. The controller positions the tape and performs the trans¬ 
fer without supervision from the host. 

The host and controller communicate in a format called Radial Serial i 
Protocol (RSP). The RSP uses two kinds of byte sequences called | 
message packets. Both commands and data packets have protocol , 
information placed in specific locations in the byte sequence. This 
format is easily generated by the TU58, making host-peripheral inter¬ 
action possible at a high level with low cost. 

Figure 2 illustrates a typical RSP exchange between a host computer | 
andtheTU58. } 
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The serial host interface operates on full-duplex, asynchronous 4-wire 
lines at jumper-selectable rates from 150 to 38,400 baud. The send 
and receive rates may be independently set with jumpers to operate In 
accordance with Electronic Industries Association (EIA) Standards 
RS422 or RS423. When set to RS423, the TU58 Is also compatible with 
devices complying with RS232-C. 

Figure 3 illustrates the structure of the TU58 system. The data path is 
along the top of the diagram, passing to the host through the proces¬ 
sor at the right. The drive control is at the lower left, also closely 
associated with the processor through the I/O ports. The ports, mem¬ 
ory, and universal asynchronous receiver-transmitter (UART) are tied 
to the processor by an 8-bit-wide data/address bus. 



Figure 3 TU58 Block Diagram 


The cartridge drive motors are powered by servo-regulated speed and 
direction circuits. These are controlled by the processor, which moni¬ 
tors with tachometers and with signals from the tape. The heads are 
selected by processor-controlled switches and either feed the au- 
tomatic-galn-controlled (AGC) read amplifier and decoder circuits or 
are driven by write currents encoded by the processor. 
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The processor consists of an 8085 processor supported by firmware in 
a 2 Kb read-oniy memory (ROM) and by scratchpad and data buffer 
memory in a 256-byte random access memory (RAM). The processor 
communicates with the drive controi circuity through a bidirectionai 
i/0 port. The DART exchanges data between the TU58 processor bus 
and the host computer via the seriai iine drivers and receivers. 

CONFIGURATION 

The TU58 is avaiiabie in the foiiowing configurations with 
accompanying designations: 

Components 

TU58-AB Seriai interface controlier moduie, surface 

mounting, with one drive. 

TU58-BB Seriai interface controiier moduie, surface 

mounting, with two drives. 

Additional Supplies 

TU58-K preformatted tape cartridges. 

TUC-01 Tape Drive Cieaning Kit. 


OPERATION 

The TU58 may be supplied with power from a host system. It is ready 
for operation within 1 second of voltage stabilization. It does not need 
to be turned off when not in use; its idling power consumption is less 
than 5 W. 

When power is applied, the TU58 initializes itself, performs its internal 
diagnostic tests, and then asks the host for an acknowledgement be¬ 
fore it settles down to wait for instructions. Refer to the Programming 
section for a description of the required exchange. 

If power is removed while a tape is being written, data may be lost, but 
there are no other restrictions on power removal. 
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DRIVE PUCK 



Figure 5 Tape Cartridge Partially Inserted Into Drive 
Cartridge Loading 

The TU58 drive is designed to make correct loading easy To load t 
cartr.dge. hold it label-up. line it up with the grooves ?n the chass 
and slide it in with a firm push. Figure 1 illustrates th^^ fit nf 
fridge into the drive chassis grooves 

Cartridge Unloading 

Keeping Track of Cartridges 

If the TU58 is used in a non-file-structured system, the cartridge doe 
not have an jdentifying number or label recorded on thTtape S 

Sr dgS " »' variou 
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ta^prSrtrldge has a movable tab \which, when properly posi- 
honed projects data on the tape from unintended write operation^ 
When thTwrlteprotec^ tab (Figure 6) is in the Inner position (toward 
the drive roller), it locks out the write circuity. 

When the write protect tab is in the outer position, it closes a switch jn 
the chassis and ailows the controller to write when it is commanded to^ 

“e op««o- Should be suro .ha. sys.eh. or rS 

up with copies before loading them into the TU58 with their write 

protect tabs set to record. 


WRITE PROTECT TAB IN 
PROTECT POSITION 



Figure 6 Write Protect Tab 


S?a'X“s in’"behTases, a»a, .rom dus. add hea. or dire« 

°oSre 0 ™ra.ih 9 sys.en. permlrs. wihd I. all .ha way .hroush by 
requasUng po8i.ionih9 .o blocks a. aach end ol .he .ape balora al- 
tempting to store data on the cartridge. 
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MAINTENANCE 
Head and Puck Cleaning 

After 100 hours of tape running time or semi-annualiy, ciean the head 
and motor puck wtth a long handled cotton applicator moistened with 

SrJhniT'"® “ K cleaning kit TUC-01). 95 percent isopropyl 
cohol, fluorocarbon TF, 113 or equivalent (Figure 7). Push the puck 
around with the applicator to ciean its entire surface. Regular cleaning 
minimizes tape and head wear and prevent tape damage arlHata 

afterTh*'T®foi?h contamination. A new drive requires head cleaning 
after the first 20 hours of actual use. After this initiai cleaning, 100 hou^r 

iX:%Ts .maintenance requ^ed 




/ 


a. 




-sl 


MICROSWITCHES 


DRIVE PUCK 


TAPE HEAD 


Figure 7 View Into Tape Drive Cartridge Slot 

PROGRAMMING 

The TU58 is controlled by a high-level command set that relieves the 
host coinputer of device-related operations such as tape positioning 
The TU58 firmware contains subroutines that are 
activated by brief strings of command bytes. The command strings 
contain the numerical code for the operation to be performed and the 
location and size of data files that are to be transferred, when applica- 

♦ * housekeeping characters that are part 

of the Radial Serial Protocol (RSP) under which the byte sequences 
are defined. The byte sequences are called message packets and are 
designed to be transmitted by asynchronous interfaces. 

Block Number, Byte Count, and Drive Number 

The TU58 uses the block number and byte count to write or retrieve 
data If all of the desired data is contained within a single 512-bvte 
block, the byte count will be 512 or less. When the host asks for a 
particular block and a 512-or-less byte count, the TU58 will position 
the specified drive (unit) at that block and transfer the number of bytes 
specified. If the host asks for a block and also a byte count greater 
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than that of the 512-byte boundary, the TU58 will read as many 
sequential blocks as are needed to fulfill the byte count. The same 
process applies to the write function. This means that the host soft 
ware or an on-tape file directory need only store the number of the firs 
block in a file and the file’s byte count to read or write all the data 
without having to know the additional block numbers. 


Special Handler Functions 

Some device-related functions are 
in the TU58 firmware. 


not dealt with directly in the RSP or 


A TU58 handler should check the success code (byte 3 of the RSP end 
message) for the presence of soft errors. This enables action to be 
taken before hard errors (permanent data losses) occur. For example, 
if the number of retries on a particular cartridge reaches some value, a 
message like “Tape Maintenance Required” could be presented to the 
operator. This would suggest that prompt tape copying and head 
cleaning is in order. 


RADIAL SERIAL PROTOCOL (RSP) 


Message Packets ._j ^ * 

All communication between the TU58 and the host is divided into 
message packets, which are groups of bytes arranged in fixed order. 
Position within the packet determines the meaning of each byte. There 
are three kinds of message packets: command, data, and end mes¬ 
sages. The end message is a special case of the command packet, n 
addition, there are three single-byte protocol management messages: 
INIT, Continue, and XOFF. 


Each packet begins with a flag byte, which announces its contents. 
The next byte in a message packet is the byte count This is the nurn- 
ber of message characters in the packet, excluding the flag, byte 
count, and checksum. Up to 128 message bytes may be in each pack¬ 
et. Larger blocks of data are sent with multiple packets. The last two 
byte pairs of the message packet are a 16-bit checksum. The check¬ 
sum is formed by summing sucessive byte pairs taken as 16-bit words 
and using an end-around carry from bit 15 to bit 0. The flag and byte 
count are included in the checksum. 
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Flag Byte Op Codes 

Bits 7-5 of the op code are reserved. 


01. 

02. 

04, 

10, 

20, 

23, 

00001 Data 

00010 Control (command) 

00100 INIT 

01000 Bootstrap 

10000 Continue 

10011 XOFF 

Data 

This flag informs the receiver that data rather than 
commands are arriving. The receiver loads the in¬ 
coming bytes into a buffer area in memory. It does 
not look for an op code to execute. 

Command 

The command flag informs the TU58 that a com¬ 
mand packet foliows. An instruction code will be in 
this packet. The flag is particularly important when 
the TU58 encounters an error condition. In this case, 
it sends an end packet before data transfer is 
complete. The host knows that the end packet has 
been sent because the packet received has a com¬ 
mand fiag instead of a data flag. 

INIT 

This op code is sent from the host to cause the TU58 
to execute its power-up sequence. The TU58 returns 
Continue after completion. It is sent from the TU58 to 
the host to indicate that the power-up sequence has 
occurred. When the TU58 makes a protocoi error or 
receives an invalid command, it reinitializes and 
send INIT continuously to the host. When the host 
recognizes INIT, it send Break to the TU58 to restore 
the protocol. 

Bootstrap 

A flagbyte saying Bootstrap (octal 10), followed by a 
byte containing a drive number, causes the TU58 to 
read block 0 of the selected drive. It returns the 512 
bytes without radial serial packaging. This simplifies 
bootstrap operations. Bootstrap may be sent by the 
host instead of a second INIT as part of the initializa¬ 
tion process described below. 
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After a message is sent from host to the TU58, the 
host must wait until the TU58 sends Continue before 
any more messages can be sent. This permits the 
TU58 to controi the flow of data. 

Ordinarily, the TU58 does not have to wait between 
messages to the host. However, if the host is unable 
to receive ali of a message from the peripheral at 
once, it may send XOFF. The TU58 stops transmit¬ 
ting immediately and waits until the host sends Con¬ 
tinue to complete the transfer when it is ready. (Two 
characters may be sent by the UART to the host after 
the TU58 receives XOFF). 

Break and Initialization 

Break is a unique iogic entity that can be interpreted by the TU58 and 
the host regardless of the state of the protocol. Break is transmitted 
when the serial line, which normaliy switches between two logic states 
calied mark and space, is kept in the “space” condition for more than 
one character time. This causes the TU58’s UART to set its framing 
error bit. The TU58 wili interpret the framing error as break. 

Break has two applications in the TU58: one is routinely used, and the 
other is for special conditions. When the TU58 is powered up, it per¬ 
forms its internal checkout and initialization and then transmits INITs 
continuousiy to the host to inform the host that it is present. The host 
acknowiedges the TU58 by sending break for a minimum of one 
character time, and then sending two INITs. The TU58 responds with 
Continue and enters an idle state in which it will wait for further instruc¬ 
tions. 

If communications break down, due to any transient problem, the host 
may restore order by sending break and INIT as outlined above. What¬ 
ever faulty operations were underway will be cancelled, and the TU58 
will reinitialize itseif, return Continue, and wait for instructions. 

With DIGITAL serial interfaces, the initialize sequence may be sent by 
the following sequence of operations. Set the break in the transmit 
control status register, then send two null characters. When the trans¬ 
mit ready fiag is set again, remove the break bit. This will time Break to 
be one character time long. The second character will be discarded by 
the TU58 controller. Next, send two INIT characters. The first will be 
discarded by the TU58. The TU58 will respond to the second INIT by 
sending Continue. When Continue has been received, the initialize 
sequence is complete and any command packet may follow. 
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COMMAND SET 

The command set for the TU58 provides capabilities for random ac¬ 
cess operations. To allow for future development, certain op codes in 
the command set have been reserved; these commands have 
unpredictable results and should not be used. Op codes not listed in 
the command set are illegal and result In the return of an end packet 
With the “bad op code” success code. 


A data transfer operation uses three or more message packets. The 
first packet is the command packet from host to the TU58. Next the 
data IS transferred in 128-byte packets In either direction (as required 
by read or write). After all data is transferred, the TU58 sends an end 
packet. If the TU58 encounters a failure before all data has been trans¬ 
ferred, It sends the end packet as soon as the failure occurs. 


Command Packets 

The command packet format is shown in Table 1 . Bytes 0, 1, 12 and 
13 are the message delivery bytes. Their definitions are as follows! 


Byte 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 

0 


Table 1 Command Packet Structure 

Byte Contents 

Flag = 0000 0010(028) 

Message Byte Count = 0000 1010 ( 123 ) 

Op Code 
Modifier 
Unit Number 
Switches 

Sequence Number—Low 
Sequence Number—High 
Byte Count—Low 
Byte Count—High 
Block Number—Low 
Block Number—High 
Checksum—Low 
Checksum—High 

*^'^9 This byte is set to 00000010 to 

indicate that the packet is a 
Command packet. 


643 









TU58 


1 Message Byte Count 

12,13 Checksum 


The remaining bytes are 

2 Op Code 

3 Modifier 

4 Unit Number 

5 Switches 

7 Sequence Number 

8,9 Byte Count 

10,11 Block Number 


Number of bytes in the packet 
excluding the four message 
delivery bytes. This is decimal 
10 for all command packets. 

The 16-bit checksum of bytes 
0 through 11. The checksum is 
formed by treating each pair of 
bytes as a word and summing 
words with end-around carry. 


mands. 

Selects drive 0 or 1. 

Selects maintenance mode. 
Always zero for TU58. 

Number of bytes to be trans¬ 
ferred by a read or write com¬ 
mand. Ignored by other com¬ 
mands. 

The block number to be used 
by commands requiring tape 
positioning. 


defined as follows. 

Operation being commanded. 
Refer to Table 2 for definitions. 

Permits variations of com- 
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Table 2 Instruction Set 


Decimal 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 


Op Code 

Op Code 

Octal 

Instruction 

0 

NOP 

1 

INIT 

2 

Read 

3 

Write 

4 

(Reserved) 

5 

Position 

6 

(Reserved) 

7 

Diagnose 

10 

Get Status 

11 

Set Status 

12 

(Reserved) 

13 

(Reserved) 


Maintenance Mode - Setting bit 4 of the switches byte (byte 5) to 1 in 
command inhibits retries on data errors, instead, the incorrect 
data IS deiivered to the host foilowed by an end packet The success 
code m the end packet indicates a hard data error. Since data is 
transmitted in 128-byte packets, a muitipie packet read progresses 
normally until a checksum mismatch occurs. Then the bad pLket is 
transmitted, followed by the end packet, and the operation terminates 

he?bllTi®®®i“?‘'® ~ most Significant bit of the modi- 

her byte to 1 selects special address mode. In this mode, all tape 

stMri addressed by 128-byte blocks (0-2047) in- 

?utto fi 28 ®^ 

out to a 128-byte boundary in this mode. 

Data Packets 

The data packet is shown in Table 3. The flag byte is set to 00000001. 
e number of data bytes may be between 1 and 128 bytes. For data 

S bvtes a?:;*'"" TK® “P -nd sZ 

128 bytes at a time. The host is assumed to have enough buffer ca- 

hvt'e*^ *°f transaction, whereas the TU58 only has 128 

bytes of buffer space. For write commands, the host must wait 

(00010000) before sending the next packet. Since the host has enough 
buffer space, the TU58 does not wait for a continue flag between 
message packets when it sends back read data. oeiween 
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Table 3 Data Packets 


Byte 

0 

1 

2 

3 


Byte Contents 

Flag = 0000 001 
Byte Count = M 
First Data Byte 
Data 


M Data 

M+1 Last Data Byte 

M+2 Checksum L 

M+3 Checksum H 


The end packet is sent to the host by the TU58 after completion or 
termination of an operation or on an error. The end packet is shown in 
Table 4. The definition of bytes 0,1, 12, and 13 are the same as for the 
command packet. The remaining bytes are defined as follows. 


Byte 2 
Byte 3 


Op Code—0100 0000 for end packet 

Octal Success Code 
0 -0 = Normal 

1 -1 = Success but with Retries 

377 -1 = Failed Self-Test 

376 —2 = Partial Operation (End of Medium) 

370 -8 = Bad Unit Number 

367 -9 = No Cartridge 

365 -11 = Write Protected 

357 _ 1 7 = Data Check Error 

340 “32 = Seek Error (Block Not Found) 

337 -33 = Motor Stopped 

320 “48 = Bad Op Code 

3 - 1-1 _55 = Bad Block Number (i.e., > 511) 


Byte 4 
Byte 5 


Unit Number 0 or 1 for Drive Number 
Always 0 
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Bytes 6, 7 
Bytes 8, 9 

Bytes 10,11 


Sequence Number — always 0 as In com¬ 
mand packet 

Actual Byte Count — number of bytes han¬ 
dled In transaction. In a good operation, this 
will be the same as the data byte count In 
the command packet. 

Summary Status 
Byte 10 
BItO 


Byte 11 Reserved 
BItO 


1 

2 

3 

4 Logic Error 

5 Motion Error 

6 Transfer Error 

7 Special Condition (Errors) 


Bytes 6, 7 
Bytes 8, 9 

Bytes 10,11 


Table 4 End Packet 


Byte 


Byte Contents 


0 


Flag = 0000 0010 
Byte Count = 0000 1010 
Opcode = 0100 0000 
Success Code 
Unit 

Not Used 
Sequence No. L 
Sequence No. H 
Actual Byte Count L 
Actual Byte Count H 
Summary Status L 
Summary Status H 
Checksum L 
Checksum H 


2 

3 

4 

5 

6 

7 

8 


9 


10 

11 

12 

13 
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THE INSTRUCTION SET 

The instructions and their op codes are shown in Table 2. The follow¬ 
ing is a brief description and usage example of each. 


OP CODE 0 NOP 

This instruction causes the TU58 to return an end packet. There are no 
modifiers to NOP. The NOP packet is shown below. 


BYTE 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 


0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


0010 

1010 

0000 

0000 

ooox 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

001X 

1010 


FLAG 

MESSAGE BYTE CNT 

OPCODE 

MODIFIER 

UNIT NUMBER (IGNORED) 
SWITCHES (NOT USED) 

SEQNO. 

SEQ NO. NOT USED 
BYTE COUNT L NO DATA 

BYTE COUNT H INVOLVED 

BLOCK NO. L NO TAPE 

BLOCK NO. H POSITION 

CHECKSUM L 
CHECKSUM H 


The TU58 returns the following end packet. 


0 

0000 

0010 

1 

0000 

1010 

2 

0100 

0000 

3 

0000 

0000 

4 

0000 

ooox 

5 

0000 

0000 

6 

0000 

0000 

7 

0000 

0000 

8 

0000 

0000 

9 

0000 

0000 

10 

0000 

0000 

11 

xxxx 

xxxx 

12 

ooox 

xxxx 

13 

xxxx 

xxxx 


FLAG 

MESSAGE BYTE CNT 

OPCODE 

SUCCESS CODE 

UNIT NUMBER (IGNORED) 

NOT USED 
SEQ. L 

SEQ. H NOT USED 
ACTUAL BYTE CNTL NO DATA 
ACTUAL BYTE CNTH INVOLVED| 
SUMMARY STATUS L 
SUMMARY STATUS H 
CHECKSUM L 

CHECKSUM H i 
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OP CODE 1 INIT 

This instruction causes the TU58 controller to reset itself to a ready 
state. No tape positioning results from this operation. The command 
packet is the same as for NOP except for the op code and the resultant 
change to the low order checksum byte. The TU58 sends the same 
end packet as for NOP after reinitializing itself. There are no modifiers 
to INIT. 

OP CODE 2 Read, and Read with Increased Threshold 

This instruction causes the TU58 to position the tape in the drive 
selected by Unit Number to the block designated by the block number 
bytes. It reads data starting at the designated block and continues 
reading until the byte count (command bytes 8 and 9) is satisfied. After 
data has been sent, the TU58 sends an end packet. Byte 3 indicates 
success, success with retries, or failure of the operation. In the event of 
failure, the end packet is sent all the time of failure without filling up the 
data count. The end packet will be recognized by the host by the flag 
byte. The host will see a command flag (0000 0010) instead of a data 
flag (0000 0001). 

There is one modifier to the read command. A modifier of 0000 0001 
causes the TU58 to read the tape with an increased threshold in the 
data recovery circuit. This makes the tape drop bits if any weak spots 
are present. Thus, if the TU58 can read error-free in this mode, the 
data is healthy. The read transaction between TU58 and host is shown 
in Figure 8. 



Figure 8 Read Command Packet Exchange 
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OP CODE 3 Write, and Write and Read Verify 

This op code causes the TU58 to position the tape in the selected drive 
to the block specified by the number In bytes 10 and 11 of the com¬ 
mand packet and write data from the first data packet Into that block. It 
writes data from subsequent data packets Into one or more blocks 
until the byte count called out in bytes 8 and 9 of the command packet 
has been satisfied. [ 

The controller automatically zero-fills any remaining bytes In a 512- 
byte tape block. 

There is one modifier permitted with the write command. A modifier of j 
000 0001 causes the TU58 to write all of the data and then back up and | 
read the data just written with increased threshold and test the check¬ 
sum of each record. If all of the checksums are correct, the TU58 
sends an end packet with the success code set to 0 (or 1 if retries were 
necessary to read the data). Failure to read correct data results in a 
success code of -17 (1110 1111) to indicate a hard read error. 

The write operation has to cope with the fact that the TU58 only has 
128 bytes of buffer space. It is necessary for the host to send a data f 
packet and wait for the TU58 to write it before sending the next data | 
packet. This is accomplished using the continued flag. The continue 
flag is a single byte response of 001 0000 from TU58 to host. The write i 
operation is shown for both write and write/verify operations in Figure 1 
9. 

OP CODE 4 (RESERVED) 

OP CODE 5 POSITION 

This command causes the TU58 to position tape on the selected drive 
to the block designated by bytes 10 and 11. After reaching the select¬ 
ed block, it sends an end packet. No modifiers are used. 

OP CODE 6 (RESERVED) 

OP CODE 7 DIAGNOSE 

This command causes the TU58 to run its internal diagnostic program 
which tests the processor, ROM, and RAM. Upon completion, TU58 
sends an end packet with appropriate success code (0 = Pass, -1 = 
Fail). 

OPCODES GET STATUS 

This command is treated as an NOP. The TU58 returns an end packet. 
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OP CODE 9 SET STATUS 

This command is treated as an NOP because TU58 
set from the host. The TU58 returns an end packet. 

OP CODE 10 (RESERVED) 

OP CODE 11 (RESERVED) 



ING 404 BYTES OF BLOCK. IF WRITE/ 
VERIFY, TAPE REWINDS AND READS 
BLOCKS JUST WRITTEN AND TESTS 
CHECKSUMS. 

en5 

SUCCESS/FAILURE 

MA-J377 


Figure 9 Write Command Packet Exchange 


cannot be 
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DRIVE AND MODULE INSTALLATION 

Figures 10 and 11 provide the mounting dimensions for »he circuit 

board (moduie) and drive mechanism. The drive has a 19 cm (7.5 in ) 

cable which plugs into the module header with the wires 

the plug toward the center of the module. The plug '®*?. 

proper orientation. The cartridge extends 1.60 cm (0.62 

front of the drive. If the drive is recessed in a panel, clearance rnust be 

provided around the opening for fingers to grip the f rtndgeJdeal^, 

the cartridge slot in a front panel will be ^ 

mum. to allow easy insertion. The opening should be at east ^e 

dimensions of the cartridge, 1.3 cm (0.5 in.) X 8.1 cm (3-2;n^ 

not more than 0.53 cm (0.17 in.) above the bottom mounting surface. 

The module should be mounted on a flat surface with 3 mrn (4-40) 
hardware and 1 cm (3/8 in.) standoffs. Both the module and the drive 
may be mounted at any angle. For mounting to a surface above t 
drives, the 1.80 cm (0.71 in.) clearance Is required; hole spacmg is 
given in the outline drawings. For mounting to a surface below he 
drives, an 8.18 cm (3.22 in.) X 8.89 cm (3.50 in.) chassis cutout is 
required, with the same mounting hole spacing. 

CAUTION 

The mounting surface for the drives must be flat within 
0.64 cm (0.025 in.). 

INTERFACE STANDARDS SELECTION AND SETUP 

The TU58 is shipped with factory-instailed jumpers for a transnnission 
rate of 38.4 kilobaud and the RS-423 unbalanced line interface (Figure 
14). A variety of standards and rates may be seiected by changing the 
jumpers on the controller module. Table 5 provides a list o’P'"f 
on the board and their functions, including the wire-wrap (WW) pins. 
Interface, and power connectors. 


\ 


i 
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Figure 10 Drive Outline Drawings 
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MEASUREMENTS ARE IN 
CENTIMETERS EXCEPT VALUES IN 

PARENTHESES ARE IN INCHES 

MEASUREMENTS ARE ± .013 (.005) CENTER TO 
CENTER 


MA-2370 


Figure 11 Module Outline Drawing 

Table 5 TU58 Module Connections 


Wire-Wrap 


Pins 


WW1 

150 baud 

WW2 

300 baud 

WW3 

600 baud 

WW4 

1200 baud 

WW5 

2400 baud 

WW6 

4800 baud 

WW7 

9600 baud 

WW8 

19,200 baud 

WW9 

38,400 baud 

WW10 

UART Receive Clock 

WW11 

UART T ransmit Clock 

WW12 

Auxiliary A (to interface connector pin L) 

WW13 

Auxiliary B (to interface connector pin A) 
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WW14 

Factory Test Point 



WW15 

Ground 



WW16 

Boot Connect together for auto-boot on power-up 

WW17 

RS-423 Driver 



WW18 

RS-423 Common (Ground) 


WW19 

Transmit Line+ 



WW20 

Transmit Line - 



WW21 

RS-422 Driver + 



WW22 

RS-422 Driver - 



WW23 

Receiver Series Resistor 


WW24 

(Jump for RS-422) 



Serial Interface Connector 



J2-10 

Auxiliary B 

J2-5 

Ground 

J2-9 

Ground 

J2-4 

Transmit Line - 

J2-8 

Receive Line + 

J2-3 

Transmit Line + 

J2-7 

Receive Line - 

J2-2 

Ground 

J2-6 

Key (no connection) 

J2-1 

Auxiliary A 

Power Input Connector 



J1-1 

-I-12V 



J1-3 

Ground 



J1-5 

+5V 



J1-6 

Ground 



Drive Cable 



J3,4-1 

Cart L 

J3,4-9 

LED 

J3,4-2 

No Connection 

J3,4-10 

Head Shield Ground 

J3,4-3 

Permit L 

J3,4-11 

Erase Return 

J3,4-4 

Signal Ground 

J3,4-12 

Erase 1 

J3,4-5 

Motor + 

J3,4-13 

Erase 0 

J3,4-6 

Motor - 

J3,4-14 

Head Return 

J3,4-7 

+ 12V 

J3,4-15 

HeadO 

J3,4-8 

Tachometer 

J3,4-16 

Head 1 
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DATA RATE IN BAUDS 


Figure 12 Data Rate and Cable Length for RS-423 


Selecting Interface Standards 

The serial interface operates on full-duplex, asynchronous 4-wire lines 
at rates from 150 baud to 38.4 kilobaud. The transmit and receive 
rates may be independently set. Each 8-bit byte is transmitted with 
one start bit, one stop bit, and no parity. The line driver and receiver 
may be set to operate with EIA RS-422 balanced or RS-423 unbal¬ 
anced signal standards. When set to RS-423, the TU58 Is compatible 
with devices complying with RS232-C. 

The TU58 is shipped prewired for operation at 38.4 kilobaud transmit 
and receive on RS-423. The maximum wire length that may be used at 
the data rate In an electrically quiet environment is approximately 27 
m (90 ft.). The wire used with any installation should be no less than 24 
AWG diameter. 

Longer wire runs may be made If data rates are reduced. RS-422 is 
considerably more noise-immune than RS-423 and can be used over 
at least 1200 m (4000 ft.) at any TU58 data rate. Figure 12, derived 
from the EIA standards. Illustrates the variations in distance needed by 
RS-423 for different data rates. For more information, consult the 
standards for RS-422 and RS-423 published by the Electronic Indus¬ 
tries Association. 
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Connecting Standard Jumpers 

The jumper pins are standard 0.635 mm (0.025 in.) wire-wrap posts 
which may be connected using 30 AWG wire and a hand tool. Other 

inciude slip-on connectors such as DEC 
H821 Grip Ciips, 915 patchcords, 917 daisy-chain, or soidering. 

The baud rates may be set independentiy for transmission and recep- 
hon, or both can operate together. Simply connect the pin with the 
desired baud value to either the XMIT or RCV pins or both Figure 13 
Illustrates the pin locations, and Figure 14 shows the factory-wired 
configuration. 



Figure 13 Interface Selection Jumper Pin Locations 
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38.4 kbaud RCV + TRANS RS-423 
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Figure 14 Factory Wiring 

The interface standards may be selected by connecting sets of pins 
toqether. The connections are listed in abbreviated form in Figure 13. 
The group of pins 17 through 24 are the interface pins. The module is 
shipped prewired for RS-423 with pin 17 connected to pin 19. and pm 
18 connected to pin 20. No other pins in the group are connected. 

For RS-422, pin 21 should be tied to pin 19, pin 22 to pin 20, and pm 23 
to pin 24. No other pins in the group are connected. 

BLOCK DIAGRAM ^ . 

Figure 3 shows the signal and control paths between the various ele¬ 
ments of the TU58 and between the TU58 and its internal microproc¬ 
essor. This diagram illustrates the control the microprocessor has 
over activities in the TU58. 

Data Flow, Tape to Interface 

The tape track is selected by signals from the I/O ports. Recorded 
data passes through the selection circuits to the read amplifier. There, 
the signal amplitude is adjusted to a standard level by the autornatic 
gain control (AGO) action of the circuit. The Gam Reduce signal allows 
detection of weak recordings. The slope changes of the sinusoidal 
signal are sensed by the peak detector that produces a squarewave 
with a duty cycle similar to that of the original encoded data. The duty 
cycle is decoded to data bits by an integrator in the bit detector that 


658 
















































TU58 


delivers the bits to the microprocessor serial data input (SID) with a 
strobe signal from the peak detector. 

The microprocessor deserializes the read data and stores it in the data 
buffer area of memory. After a 128-byte record has been stored, a 
checksum calculated from the read data is compared with the 
checksum read from the tape. If they do not match, retries are at¬ 
tempted. Failure is indicated to the host in an end packet. Success 
results in the transfer of the data, one byte at a time, to the interface. If 
the unit has a parallel interface, the data is transferred eight bits at a 
time upon receipt of a strobe from the host. If the unit has a serial 
interface, the data is loaded into a UART and transmitted through line 
drivers with one start bit and one stop bit. A charge pump supplies 
negative voltage for the bipolar EIA line drivers since the power supply 
only produces positive voltages. 

Data Flow, Interface to Tape 

Data enters the interface and is latched (parallel) or deserialized and 
stored in a register (serial). The microprocessor receives a ready sig¬ 
nal from the interface and transfers the data to a buffer area in memo¬ 
ry. The data then re-enters the microprocessor, is serialized, ratio- 
encoded, and sent to the write circuit through the serial data output 
(SOD). When the write circuit interiock is released by the cartridge- 
activated write permit switches on the drives, write current is delivered 
to the correct head gap by selection circuits under microprocessor 
control. The erase circuit control logic is part of this control loop. 

VELOCITY CONTROL 
Velocity Sensing 

Each motor has a LED lamp focussed on a phototransistor through a 
slotted disk on the motor shaft. (Only the activated drive delivers a 
tachometer signal.) This optical tachometer output is amplified and 
shaped by a comparator to produce a puise rate proportional to the 
shaft speed of the motor. The buffered pulses from the optical ta¬ 
chometer go into an 18-bit shift register. The clock for the shift register 
is selected to give a quarter-period delay to the pulses at the desired 
shaft speed. The delayed and undelayed pulses are then exclusive- 
ORed to yield a pulse width modulated representation of the actual 
velocity. Modulation occurs because the shift-register delay, a fixed 
amount of time, is a different fraction of a period for different 
tachometer frequencies. Therefore, the amount of overlap varies 
between delayed aand undelayed waves. The overlap is extracted by 
the exclusive-OR gate, averaged to a dc level by a capacitor, and 
buffered by an operational amplifier (op amp). 
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Figure 15 Tape Motion Control 
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FOWARD/ 

REVERSE 

GATING 



Figure 16 Motor Bridge 
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MOTOR 

CURRENT 


SPEED CHANGE 




AND VELOCITY CHANGES 


VELOCITY TEST POINT 
INTERVAL EXCEEDS 
HP REFERENCE TIME; 
POWER IS TURNED OFF. 
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Figure 17 Velocity Change Waveforms 
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HEAD SELECTION 

The read/write heads are selected by signals from the microproces- 

a SEL DRV B signal to choose the 
head. The gap for track 0 or track 1 is chosen by SEL 0 H from the 
microprocessor. The selected head gap is connected to the read and 
wme circuitry through a dual 4 to 1 multiplexing analog switch 1C. The 
1C s dual circuits are paralleled to minimize series resistance in the low 

*®P® of both heads are 

connected together, so only one lead per gap needs to be switched. 

WRITE CIRCUIT AND INTERLOCK 

The write drivers are two transistors (Q2. Q3) arranged as a constant 
current source and sink operating at 7.5 mA. They use tristate buffers 
as data-gated switches and return paths. Writing is gate-interlocked 
by the mechanical interlock on the cartridge in the drive being select¬ 
ed. Also, the microprocessor tests the mechanical switch for the Write 
Permit signal before turning on write current. Attempting to write while 
the cartridge is write-protected results in an error report to the host. 
The microprocessor Write Enable signal turns the write current on and 
off at the proper times. In the absence of write enabling, the tristate 
outputs become open-circuited and source and sink transistors Q2 
and Q3 are biased off. 


ERASE CIRCUIT 

Erase gaps are selected by the same pair of signals that select 
read/write gaps. They are also enabled by ERASE ENA L. A 26 mA 
current source supplies the erase gaps in common. Current through 
the desired gap is passed to ground through a peripheral driver (high 
current capacity) gate which is part of a decoder for the control sig¬ 
nals. A diode across each erase head winding clamps the inductive 
voltage spike when the erase current is turned off. 


DATA ENCODING AND DETECTION 

Data IS recorded on tape using the ratio encoding method. Each data 
bit IS given a cell with room for three flux reversals. After an initial 
positive transition, only one of the remaining reversal positions is 
used. If the reversal occurs in the first avaiiable position, the bit is a 
zero. If It occurs in the second position, the bit is a one. These position 
shifts correspond to duty cycles or ratios of 1/3 and 2/3 (Figure 18) To 
compensate for waveform distortion in the recording process, the 
actual write encoding ratio is Va to 3/4. 
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Figure 18 Data Encoding and Decoding 


The beginning of a bit celi is defined by a positive peak at the read 
amplifier. The second flux reversal is defined by the next negative 
peak. The peaks are detected by a comparator. 

The read amplifier output is fed to one input of the comparator. The 
same signal is phase-shifted and fed to the other output. The output is 
high for a positive slope input and low for a negative slope input. A 
small amount of hysteresis is added to prevent oscillation at the zero- 
sloped-point. 

The output of the comparator has a duty cycle similar to that of the 
original encoded signal. The data are recovered using an integrator as 
shown in Figure 18B. The integrator is discharged by an analog switch 
on the positive edge of the data waveform. The integrator is sampled 
by a flip-flop on the next edge. If the integrator is positive at sample 
time, the recorded bit was one. If the integrator is negative at sample 
time, the bit was zero. 

Decoded data is delivered to the serial data input (SID) on the 8085 
microprocessor, while a strobe corresponding to the moment of integ¬ 
rator sampling triggers an interrupt to get the microprocessor to store 
the data bit in a register. 
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Figure 19 Read Amplifier and Automatic Gain Control 

READ AMPLIFIER AND AUTOMATIC GAIN CONTROL 

An op amp amplifies the signals coming from the selected head. Au- 
tomattc gam control (AGC) maintains a constant output to following 
presence of large variations in output from the tape 
because of worn tape or recording variations (Figure 19). 

CHARGE PUMP 

The principle behind the operation of the charge pump is that of 
charge storage in a capacitor. This is illustrated by the simplified ex¬ 
ample m Figure 20. Assume that a capacitor is connected between a 
positive charge source, e.g., +12V and ground. Electrons will accumu¬ 
late at the grounded end. If the capacitor is disconnected from the 
source and ground, it still has 12V across it, because the electron 
charge accumulated may not move. If the original positive end is con- 
^ow®th ° extends its polarity below ground because 

intent !r tf electrons relative to ground. This negative 
potential is avai able to do work at a rate subject to the charge capacity 
of the storage element (capacitor). » y 
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Figure 20 Simplified Charge Pump 


A tpedX encoded signal is recorded on the DECtape II as part of the 
formatting operation. The signal is recorded at o"® ^ 

normal bit density and is located at the beginning and end of the tape 
(BOT and EOT) and also between each of the formatted records, 
signal is called a mark and indicates the location of the beginning of 
each heaher. Thia allots ,h. 

sage of records past the head at winding speed, and alerts the 
microprocessor when the tape enters the BOT or EOT reQ'ons. Head^e 
marks and BOT-EOT marks are distinguished by different bit patterns. 

fa all zeroa, EOT Is all ohes, and Ih. header mark 
and zeros. The mark is detected by a circuit that detects the lower bit 
density of the mark compared with normal data. The 
sets up the timer in the 8155 to provide a clock to the 
clock is chosen to allow the MARK H output to be ^ the pu se 
rate coming in through the read strobe input is lower ^ 
timer. MARK H appears at an input port that is examined by the mark¬ 
detecting routine in the microprocessor. 

INTERFACES 

Datemolrts within the TU58 microprocessor on an 8-bit Pa’"®''®'^ 
Data is transferred between the TU58 and the host computer through 
a full-duplex asynchronous serial interface that uses one signal loop 
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(conductor pair) for each direction. The universai asynchronous re¬ 
ceiver/transmitter (UART) performs the paraiiel to seriai and serial to 
parailei conversions that make the economy of wire possible. The 
UART, a single 1C, contains circuitry allowing wired programming of its 
conversion format, pius microprocessor bus protocol management, 
and the capability to detect conversion and timing errors. 

MICROPROCESSOR AND MEMORY 

All TU58 activities are supervised or directly controlled by an 8085 
microprocessor. The microprocessor operates with firmware stored in 
a 2K X 8 read-only memory (ROM). Scratchpad memory for the mi¬ 
croprocessor computations, and a 128-byte buffer for data coming 
from the host, are located in a 256 X 8 random access memory (RAM). 

I/O Ports 

The I/O ports provides most of the communication paths between the 
microprocessor and the TU58 hardware. Port A provides the inputs for 
the various status signals from the mechanism, such as cartridge pre¬ 
sent and write permit. Port B delivers control signals to the system, 
such as velocity and direction commands. Port C controls the self-test 
indicator lamp and causes the Interface to the host to transmit Break 
as a part of the boot sequence. 

Port C also carries three signals useful for module testing. Test Point 1 
(pin 1) pulses high when the header of a sought record is successfully 
read (confirmed by the record number complement). Test Point 2 (pin 
2) pulses high each time the header of any record is unsuccessfully 
read. Test Point 3 (pin 38) pulses high after a record of data Is read but 
falls the checksum test. 

Registers and Timer 

The 8155 registers control the operation of the I/O ports and timer. 
The registers are addressed as I/O locations like the ports. The con¬ 
trol/status register defines the ports as Input or outputs and sets the 
timer start and stop characteristics. The timer registers define the 
cycle characteristics and load the value required to generate the 
desired pulse interval with the system clock at the timer’s clock input. 
A 14-bit counter, parallel-loaded by the registers, provides the timer 
function. 

FIRMWARE 

The TU58 operates under control of a microprocessor whose Instruc¬ 
tions are stored in a ROM. These instructions, called firmware, define 
the functions and capabilities of the TU58 as an Integral part of the 
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normal TU58 operation. No extensive coverage is attempted because 
firmware problems cannot be repaired in any direct way. The self-test 
checks for proper contents in the ROM and halts the processor if a 
fault is detected. The self-test checks other things as well but does not 
isolate the problem to a particular component. Field repair is the re¬ 
placement of the module. 


HOST 
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RECOGNIZE INIT 
SEND BREAK 



POWER-ON RESET (OR ERROR) 
INITIALIZE 

SEND INITS CONTINUOUSLY 
UNTIL BREAK IS RECEIVED 



RECEIVE,BREAK 
WAIT FOR' INIT 


SEND INIT 


RECEIVE FIRST CHARACTER 
AND DISCARD 


SEND INIT 


RECEIVE CONTINUE 
SEND MESSAGE PACKET 
FLAG BYTE 



RECEIVE SECOND CHARACTER 
REINITIALIZE 
SEND CONTINUE AND 
LOOP IN IDLE 


RECEIVE FLAG BYTE 

TEST FOR COMMAND OR DATA. 

IF COMMAND, STORE MESSAGE 
BYTES IN LABELED LOCATIONS. 
IF DATA, STORE MESSAGE BYTES 
IN DATA BUFFER. 


i 

PERFORM INSTRUCTIONS. IF 
DATA IS COMING FROM HOST, 
SEND CONTINUE AS REQUIRED. 
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Figure 21 Host TU58 Power-Up Interchange 
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SERIAL VIDEO MODULE 
GENERAL 

The VK170 module forms an integral part of a terminal. The module 
accepts serial ASCII encoded data to be stored in a refresh memory to 
generate a display for a video monitor. The VK170 also accepts paral¬ 
lel data from a keyboard (on strobe demand) to generate serial ASCII 
output. 

The VK170 is an extended-length, double-height, single-width board. 
Mounting holes are provided for stand-off mounting via handle rivets 
and two holes located near the module fingers (Figure 2). 

FEATURES 

• Complete video subassembly on a double-height module 

• Displays a full 80 characters per line and 25 lines 

• 7 X 7 characters displayed in 8 X 8 character cells using standard 
installed character ROM 

• 8 X 8 character cell allows simple graphics with customer-defined 
character set 

• Selectable attributes; 

blink 

half intensity 

reverse video 

characters, from customer-defined character set 

• Customer may enable video attributes on a character-by-character 
basis 

• I.C. socket for two customer-defined character sets (2716 EPROM 
or equivalent) 

• Simple EIA RS-423 serial interface for direct interconnect to DLVII- 
J or MXV11, consequently no bus loading 

• Jumper-selectable baud rates: 150, 300, 600, 1200, 2400, 4800, 
9600,19,200, 38,400 

• Smooth scroll is used to move text up the screen to allow entry of 
new data on the bottom line of the display 

• Drives standard video monitors over coaxial cable per EIA RSI 70, 
or jumper-selectable for direct drive monitor 
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• Interfaces to a standard keyboard (8-bit ASCII) 

• Can be plugged into LSI-11 backplanes or mounted on stand-offs 
applying power via H807 edge connector 

SPECIFICATIONS 


13.2 cm (5.2 in.) 

22.3 cm (8.5 in.) 

1.27 cm (0.5 in.) 

+5V±5%, 1.2A 
-I-12V (or-15V) 
±3%, .15A 


Height 

Length 

Width 


Power Requirements 


The VK170 module operates under the following conditions: 

• Environment must conform to: 

Temperature 5°C to 60°C 

Humidity 10% to 95% (no condensation) 

• Power dissipation is based on circuit requirements of 1.8 amps 
maximum. If only 5 Vdc is used, power dissipation does not exceed 
9 watts. An additionai 2 watts (nominal) is dissipated when the ± HV 
(nominai 12 volts) is enabied. 

DESCRIPTION 

The VK170 functions as separate input and output devices. Parailei 
data bits from a user-supplied keyboard are serialized and transmit¬ 
ted (XMIT DATA SERIAL ASCII) to a computer serial line interface 
(e.g., DLV11-J). 

Serial data bits received from a serial line are decoded in the internal 
logic to determine whether a received character is a displayable char¬ 
acter or a control character (e.g., CR, LF). Displayable characters are 
written into an internal memory which is continuously read to generate 
the video signal used to refresh the screen of the customer-supplied 
video monitor. 

The communications port contains the necessary level converters to 
allow the module to communicate with the serial lines in either EIA RS- 
423 or 20mA current loop. 

A master crystal clock generates the required timing for the baud 
rates for the UART in the communications port and also generates the 
horizontal and vertical synchronization signals for the external video 
monitor. 
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The 'nternal charge pump power supply runs on either +12V or -15V 
input. Output from the power supply Is used to power the EIA RS-423 


attribute logic provides control over the individual 

acters S will afrS'* ^and the control char¬ 
acters as well as relocating the video cursor as required. This looic 

^so provides internal control over the scroll function, allowing a nor- 

mal smooth scroil to be repiaced by a high-speed jump scroli if the 

data input is faster than the execution time for smooth scroli. 

The video image consists of 25 lines of 80 characters each presented 
in adjacent 8 x 8 dot ceiis (Figure 1). presented 


Horizontai Frequency = 15.36 kHz 

Vertical Frequency = 60 Hz 

Horizontal scan lines per frame = 256 iines 



CHARACTER 

MATRIX 

8x8 


— □ 

CHARACTERS 
80 TOTAL 
(640 DOTS) 


□ 


- CHARACTER 
LINES, 25 TOTAL 
(200 DOTS) 


MK^)676 


Figure 1 Video image 

Smooth scrolling roils a clear line into the bottom of the image dispiay 
np tin Z ‘o niove the cursor down with a 

bottom line ® '^’® 

Direct cursor addressing is available (VT52 compatible). 

®"o'^ selection of blink, forward and reverse 
mil hi ? character set, or half Intensity. The selected attribute 
may be set or cleared with bit 8 of the received data or with ASCII 
character SO/SI (Shift Out/Shift In). 

Ini 'V ^'®®h''’9 reversed video cell with a 500 millisecond 
nominal period and a reversed duty of 60% to 80%. 
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! CLK _ 


CNTR’Lt\ 

CONTROL 
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LOGIC 


1 


] BAUD RATE SEL _ 


charI/ 

MEM & SCROLL 






COMMUNI¬ 

CATION 
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1 


--- 
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RCV DATA 1 
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PORT 

DATA^ 



CURSOR 

& 
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1 
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VIDEO 
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\ 

-1/ 

MEMORY 

videqI 

ATTRIBUTE 

1 nfiir. 
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DATA 

SERIAL ASCII j 
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1 

1 



r KB PORT 

IJIT 


PARALLEL 

ASCII 
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EXTERNAL 

MONITOR 


Figure 2 Port Interaction 



Figure 3 Mechanical Packaging 
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CONFIGURATION 

Interface 

Imon^S VK? 7 n®‘9"a' exchanges that occur 
nZh« ? devices. Figure 4 shows the pin 

number iocations of the interfacing connectors. 



Figure 4 Connector Pin Number Location Diagram 


Keyboard/VK170 Interface 

® 20-pin connector (J2). The 

tor Tn numhpr? ‘® ^'’® Table 1 presents the connec¬ 

tor pm numbers and associated signal names. 


T.^ble 1 Keyboard/VK170 Connector (J2) 


Pin No. 

signal Name 

1 

+5 Volts 

2 

-12 Volts 

3 

GND 

4 

KBS 

5 

KB7 

6 

GND 

7 

KB6 

8 

KBSTRB H 

9 

KBS 

10 

BREAK 

Edge Connector 



Pin No. 

Signal Name 

11 

KB4 

12 

Not used 

13 

KB3 

14 

BREAK (GND) 

15 

KB2 

16 

GND 

17 

KB1 (LSB) 

18 

GND 

19 

Not Used 

20 

Not Used 


T^bleV^^^ connector pins and associated signals are presented in 
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Table 2 VK170 Edge Connector 


Pin No. 

AA2,BA2 

AC2,AT1,BC2,BT1 

AB2 

AD2 

Others 


Signal Name 

+5Vdc 

GND 

-15 Volts 
+ 12 Volts 
Not Connected 


Video Output Connector 

Video output is provided as RSI70 compatibie and as separate TTL 
output lines. A 5-pin MOLEX* connector (J1) is used with pm assign¬ 
ments as shown in Tabie 3. (Mating connector = H8562.) 

Composite video output provides RS170 output generated by combin¬ 
ing the video signal with a composite sync signal. The picture f^rom the 
balancing levei to reference white across 75 ohms is 1 volt. The syn¬ 
chronizing leveis are imposed at 40% of the signal. 

* Vendor Trademark 


Table 3 Video Output Connector (J1) 


Pin No. 

1 

2 

3 

4 

5 


Signal Name 
HORIZONTAL DRIVE H 
VERTICAL DRIVE L 
VIDEO HI Z 
GND 

RS170 VIDEO 


Timing/Freq 

15.36 kHz/27 fis 
60 Hz/520 ^is 


0 volts = SYNC 
0.4 volts = BLACK 
1.4 volts = WHITE 

For direct drive output, jumper W4 must be ® ^‘3'] 

impedance source at the MOLEX* connector, pm 3. The VK170 has 
been tested with the following direct drive monitors: 

• ITOH 

• Ball Brothers 

• Elston 

Communications Port Connector 

The communications port is a 10-pin connector (J3), pinned 
DLV11-J connection. The electrical Interface may be wired for RS-423 
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conn°JoMrHr6o"i?K,'°r "-‘""S 

?ed ^ “»'8nmen« and asaoci- 


RCV DATA - 
RECV DATA + 



Figures Select RS-423/20 mA Loop 
Vendor Trademark 

Table 4 Communications Port Connector (J 3 ) 

Signal Name 

CLOCK I/O 
GND 

XMIT DATA + 

XMIT DATA - 
GND 

NOT USED/POLARIZING POINT 
RCV DATA - 
RCV DATA + 

GND 

20 mA SOURCE 

Installation Procedures 

The following sections describe the installation of the VK170 module. 
Jumper Configurations 

Figure 6 illustrates the location of the various jumpers and wire wrao 
posts Of the VK170. Verify that the factory-installeS JumpersTrern 
figured per Table 5. Any Jumper configuration changes required for 
user applications should be made at this time. 


Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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The datl rLs are generated via a 13.5168 MHz crystal and selected 
through a dual 4-bit decade and binary counter. The data 

rates^are selectable: 150, 300, 600, 1200, 2400, 4800, 9600, 19,200, 
and 38,400 bits per second. 

The UART may be configured to transmit and receive at either the 
laL data rate or at split data rates. Data rates are configured by 
connecting a jumper from the selected data rate viiire-wrap pm to the 

clock input pin(s) of the UART. When 2a^^ 

rate, the wire-wrap pins may be daisy-chained. Table 6 lists the data 

rates and their respective pin numbers. 

The UART can be configured to operate from an external clock source 
via pin 1 of J3. Both UA26 and UA27 must be jumpered to the external 
clock. Do not select a data rate pin when using an external clock. 



POWER PUMP 
VOLTAGE SELECT 


Figure 6 Jumper and Wire Wrap Post Locations 
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Table 5 Factory Installed Jumper Configurations 


Jumper 

W1 (or UA1 to UA5) 

W2 (or UA4to UA6) 

W4 

W7 

UA59 to UA61 to UA62 
UAISto UA20 
UA21 to UA23 
UA34 to UA32 
UA36 to UA37 
W3 

UA39 to UA40 
W5 

UA41 to UA43 
UA26 to UA27 toUA15 

Tables Data Rate 


Function Implemented 

+ 12V operation 

RS170 operation 

Form feed receive enabled for re¬ 
mote initialization 

8-bit—no parity 
EIA RS-423 operation 

E52 character set enabled 

SI/SO (Shift In/Shift Out) attrib¬ 
ute control 

Forward video 

Blink attribute enabled 

9600 data rate selected 

Jumper Configurations 


TO 

FROM Pin 

UA9 

UA10 

Transmit clock (JAII 

pin UA27 UA12 

and/or UA13 

Receiver clock UA 14 

pin UA26 UA15 


UA16 

UA17 


Data Rate 

150 

300 

600 

1200 

2400 

4800 

9600 

19200 

38400 


Attributes and Attribute Control Selection 

® ®«'*bute control selection. 

Table 7 lists the various attribute and attribute control configurations. 
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Communications Selection 

Four jumpers are used for communications selection. Table 8 lists the 
fumplr conliguratlons required lor either EIA RS.423 or 20 mA ourren. 
loop communications. 

Table 7 Attribute Jumper Configurations 


Jumper 

W3 

Characteristic 

Install to enable character ROM E52 
Remove to enable character ROM XE53 

W5 

Install for forward video 

Remove for reverse video 

UA7 to UA8 

Install to disable half intensity 

UA41 to UA42 

Install to select reverse attribute 

UA41 to UA43 

Install to select blink attribute 

UA40* to UA38 

Install to select character bit 8 for attribute 
control 

UA40* to UA39 

Install to select SI/SO for attribute control 


UA40 can either be jumpered to UA38 or UA39. but not both at the same 
time. 

Table 8 Communications Jumper Configurations 

FROM 

UA18 
UA21 
UA34 
UA36 

As m'any as three jumpers can be used to select ASCII serial data 
format. Table 9 lists the jumper configurations required to select either 
odd, even, or no parity. 

Voltage Selection 

As many as six jumpers (t\wo are optional) can be used for voltage 
selection. Table 10 lists the jumper configurations required for either 
+12 Volt or -15 Volt operation. 


TO 


RS423 

20 mA 

UA20 

UA19 

UA23 

UA22 

UA32 

UA33 

UA37 

UA35 
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Table 9 Parity Jumper Configuration 


Characteristic 

No Parity (8 data bits) 

Odd Parity (7 data bits) 

Even Parity (7 data 
bits) 


Jumper 

UA59 to UA61 to UA62 

UA60 to UA61 to UA62 to UA63 

UA60 to UA61 to UA62 and UA59 to UA60 


Table 10 Voltage Jumper Configurations 

Jumper 

W1 (orUAt to UA5) 

W2 (or UA4 to UA6) 

UA3 to UA5 
UA1 to UA6 

Remote Initialize Selection 

As many as three jumpers are used for remote initialize selection. 
Table 11 lists the jumper configuration required for remote initializa¬ 
tion. 


-I-12V 

-15V 

In 

Out 

In 

Out 

Out 

In 

Out 

In 


Table 11 Remote Initialize Jumper Configurations 

Characteristic 

Form Feed Receive 
Break 
None 

Form Feed or Break 

Module Mounting 

The VK170 module is mounted by one of two methods. 

1. The module can be mounted in a DIGITAL computer backplane, 
taking care that all signals (e.g., grant lines) are jumpered on the 
backplane as required. 

2. The module can be mounted on a panel or chassis using nylon 
hardware (i.e., spacers and #2-56 screws and nuts as required) 
using the mounting holes in the module. 

The H807 edge connector is available to provide pbwer connec¬ 
tion to the VK170 when used in this mounting configuration. 


W6 W7 W8 

Out In Out 

In Out In 

Out Out In 

In In Out 
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Checkout Procedures 

Two checkout methods are available to the user: 

1. When the VK170 is used on a PDP-11 system, run the diagnostic 
CZVTO in accordance with the instructions distributed with the 
diagnostic. 

2 To check out the VK170 without a processor, local testing can be 
done over the RS-423 or 20 mA communication lines. 

If the VK170 is configured for RS-423 operation, jumper J3-3 
(XMIT DATA +) to J3-8 (RCV DATA +) to provide local testing 
with a user-supplied display monitor and keyboard. 

If the VK170 is configured for 20 mA current loop (passive), local 
testing is provided by the following three jumpers: 

J3-10 (+ Voltage) to J3-3 (XMIT DATA +) 

J3-4 (XMIT DATA -) to J3-7 (RCV DATA +) 

J3-8 (RCV DATA -) to J3-9 (GND) 

Once these three jumpers are installed, a user-supplied keyboard 
and display monitor can be used to check the operation of the 
module. 

PROGRAMMING 

Control/Function Characters 

The control/function characters are interpreted as non-graphic data. 

The following actions occur at the terminal upon receipt of these char¬ 
acters from the communication port: | 

• BS (backspace)— the cursor moves one position to the left, if it is not 
currently in it leftmost position (left margin). 

• HT (horizontal tab)—the cursor moves one position to the right, if it 
is not currently in its rightmost position (right margin). 

• FF (form feed)—the module is reinitialized if the remote-initialize 
form-feed jumper is installed (34 ms of no transmission fill-time 
required). 

• CR (carriage return)—the cursor moves to the left margin. | 

• LF (line feed)—the cursor moves down one line if not in scroll mode. 
(Scroll mode is entered when the cursor enters the bottom line, 
scroll mode is exited by an initialize operation.) If required, a smooth 
scroll occurs and a clear line is provided. If a scroll operation occursj 
at data rates above 19,200, 512 microseconds are required before 
another scroll can be requested. 
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• VT (vertical tab)—the cursor moves as in a line feed, except the next 
line is not cleared. If a scroll operation occurs at data rates above 
19,200, 512 microseconds are required before another scroll can be 
requested. 

• BREAK (spacing condition)—an initialize sequence similar to 
power-up initialization is generated if remote initialize BREAK jump¬ 
ers are installed (34 ms of no transmission fill-time required). 

Cursor Addressing 

Direct cursor addressing allows movement to any position on the 
screen by transmitting an escape sequence to the module. 

The ESC character followed by the Y character sets up the logic for a 
newcursor location: e.g., 

<ESC> <Y> <Linenumber> <Column number> 

• <ESC> <Y> = Defines cursor addressing function 

• <Linenumber> = one character 
040 = top line (ASCII space) 

041 = second line (ASCII!) 


070 = bottom line (ASCII 8) 

• <Column number> = one character 
040 = leftmost column (ASCII space) 


157 = rightmost column (ASCII o) 

The cursor is moved to the specified column of the specified line For 
example, the sequence <ESC> <Y> <)> <A> places the cursor on 
the tenth line (because ASCII <)> is 51,) and in the thirty-fourth co¬ 
lumn (because ASCII <A> is 101,; and -40, for the offset results in 
octal column 41). The initial sequence should be preceded by a form 
feed (FF) to initialize the screen registers, if a scroll has been per- 
formed. 

3ptional Character Set Selection 

selection of the optional character ROM is accomplished via the re- 
noval of jumper W3. An optional character-generator socket is oro- 
4dedontheVK170. 
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Data Formats , , .. . 

The data mode for ASCII serial input is eight-level \without parity. In 

this case, the lower order bits represent the appropriate character with 
bit 8 as the attribute select bit. If bit 8 is set, the selected attribute is 
enabled for the character received. 

For the 7 bits with odd or even parity mode, SI/SO can be used to 
select the attribute bits. When enabled, all characters received after 
SO have the attribute selected. All characters received after SI have 
the attribute deselected. The implemented ASCII 7 -bit character set is 
shown in Figure 7. 

Selection*of the various attributes is controlled by setting ASCII bit 8 to 
a logical one (1) or manipulation of SI/SO and adding/deleting wire- 
wrap jumpers on the VK170 module (see Figure 8). 

This section contains a description of each attribute, instructions for 
implementation, and illustrations of each attribute as it appears on the 
screen. 

Reverse Video Versus Forward Video 

The forward video display on the CRT consists of white characters on 
a black background. To change the entire display to reverse video, 
(black characters on a white background), jumper W5 must be 
removed as shown in Figure 9. 

Reverse Video Attribute 

The reverse video attribute reverses the video on a character-by-char- 
acter basis. Wire-wrap UA41 to UA42 must be installed for the reverse 
video function. (Refer to Figure 9.) 




b, b, b, b, 

♦ ♦ t t ROW ♦ 


Figure 7 ASCII Character Set 
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MK-2386 


Figure 8 Attribute Selection Flow 


SHIFT LOAD 
VIDEO HOLD 


FLIP-FLOP 



WW= PINS UA41 TO UA42 (FOR REVERSE VIDEO) 
WW = PINS UA41 TO UA43 (FOR BLINK) 


MK-0694 


Figure 9 Reverse Video and Blink Attributes 
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r:,': “'r'ap 'Is. P* .ns,a„ed as sdown in Wre 9 .0 Implemen. .Pe 
blink attribute. 


Half Intensity 

The wire-wrap shown in Figure 10 must 
intensity attribute. 


be removed to enable the half 



Figure 10 Half Intensity Wire-Wrap Removal 
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W9500 HIGH-DENSITY WIRE-WRAPPABLE MODULES 

GENERAL 

high-density wire wrappabie modules enable a 
user to easily configure special interface logic for the LSI-11 Micro- 

modules consist of DIGITAL’S standard 
double and quad height sizes and are available with or without pre¬ 
mounted Dual-ln-Line Packages (DIP) low-profile sockets. ^ 

SPECIFICATIONS 

W95111 Quad-Height Without Sockets 

Quad, 10.5 in. ( 26 . 6 cm) 

Extended, 8.9 in. (22.8cm) 

Single, 0.5 in. (1.27cm) 


Height 
Length 
Width 
Vcc Pins 


GND Pins 


AA2, BA2, CA2, DA2 

ATI, BT1, CT1, DTI, AC2, BC2 
CC2, DC2 


W9512 Double-Height Without Sockets 

Double, 5.2 in. (13.2cm) 


Height 
Length 
Width 
Vcc Pins 
GND Pins 


Extended, 8.9 in. (22.8cm) 
Single, 0.5 in. (1.27cm) 
AA2, BA2 

AT1,BT1,AC2, BC2 
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LSI-11 Bus-Compatible Modules (With DIP Sockets) 
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Figure2 LSI -11 Bus-Compatible Modules (No DIP Sockets) 
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description 

The LSI-11 compatible series consists of four modules; a 

with and without premounted sockets and a double height with and 

without premounted sockets. 

Table 1 provides a brief summary of each type. All modules are sin¬ 
gle-width; the height of each pin is 5/16 in. 

Each module without premounted sockets 
packages with pin centers on 0.3 in. (7.62cm): 0.4 in. 

0.6 in. (15.24cm). The 1C package density for these modules is shown 
in the drawings in this data sheet. Each module can be wrapped by 
standard automatic wrapping techniques as well as by hand. 

Those modules with premounted sockets accept 16-pin IC’s with 0.3 
in centers Space is provided between the sockets for decoupling 
Cpactor. or other OlStrete corrrponents as required hy the usen Irt 
addition, these moduies supplied with sockets also contain “"'ve^al 
areas that will accept IC’s with pin centers of 0.3 in. ( 7 - 62 cm): 0.4 im 
(10.16cm); and 0.6 in. (15.24cm). The accompanying photos and 
drawings point out these universal areas and their capacities. 

The printed circuit on each board connects the appropriate edge con¬ 
nector pins to the Vcc plane on side 2 of the board and the ground 
Diane (GND) on side 1 (component side). The remaining edge connec¬ 
tor pins terminate to a double row of wire wrap pins for user designat¬ 
ed functions. Each of the modules also includes a 40-pin male cable 
connector to allow an interface cable to be attached to the module 
logic The pins of the cable connector are also terminated to a double 
row of wire wrap pins. The quad height modules are a'so Prowdeci w,th 
a space where an additional 40-pin cable connector ('adjed J2 can 
be inserted by the user. When a connector is not required, additional 
1? packages ith .3. .4. and .6 in. cantara can f 

reserved for the connector. Each board contains insulated standoffs to 
maintain the required clearance between adjacent modules and pre¬ 
vent shorting of wire wrap pins. A helpful alphanumeric X-Y grid 
pattern is also etched onto each board to facilitate ease in wire wrap 
pin location and identification. 
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Table 1 W9500 Series Modules 

Module No. 

Description 

W9511 

Quad height, extended length, single width module 
with extractor handle. No DIP sockets included. One 
40-pin male cable connector premounted on board 
and space for additional 40-pin connector provided. 

W9514 

Same as W9511 except with 58 premounted DIP 
sockets. 

W9512 

Double height, extended length, single width module 
with flip chip handle. No DIP sockets included. One 
40-pin male cable connector premounted on board. 

W9515 

Same as W9512 except with 25 premounted DIP 
sockets. 
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ASSIGNMENT OF ADDRESSES 
AND VECTORS 

ADDRESS MAP 


2K 

WORDS 


IK 

WORDS 


IK 

WORDS 


FIXED ADDRESS AREA 

reserved for use by 
digital equipment 

CORPORATION 


t 

USER ADDRESSES AREA 


t 

floating addresses area 

reserved for use by 

digital equip CORP 


777 777 

770 000 

767 777 
764 000 
763 777 

760 010 
760 006 

760 000 
757 777 


001 000 


80 

VECTORS 


48 

VECTORS 

MR-1545 


t 

floating vector area 


TRAP & INTERRUPT 

VECTOR AREA_ 


000 777 

000 300 
000 277 
000 000 


interrupt vectors as a guide to the user. 

Th, .,oa«ng .ao,o, 

Vices that interface with the PDP-11 series or pruu a 

sequentially starting at ^00 and proceeding 

!;SoS ,f.UuSjTcr»e seen .ha,..a, va«o. addraaa. 300, ,s 
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3irari2rare7:.rar“i° *" airir:: 

highest ranked device (DRV 11 orOLvT/T'etc Wh^ 

devices according to their rank ’ 



Vector 

UNIBUS 

LSI-11 Bus 

000 

004 

DEC reserved 

CPU errors 

DEC reserved 

Bus time-out and illegal in¬ 
structions (e.g., JMP RO) 

(odd address and stack 
overflow traps not 


691 
























appendix A 


INTERRUPT AND TRAP VECTORS (Cont) 


010 

014 

020 

024 

030 

034 

040 

044 

050 

054 

060 

064 

070 

074 

100 

104 


Illegal and reserved 

Instructions 

BPT, breakpoint trap 

lOT, input/output trap 

Power-fail 

EMT, emulator trap 

TRAP instruction 

System software 

System software 

System software 

System software 

Console terminal, 

keyboard/reader 

Console terminal, 

printer/punch 

PC11, paper tape reader 

PC11, paper tape punch 

KW11-L, line clock 

KW11-P, programmable 


LSI-11 Bus _ 

implemented on LSI-11) 
Illegal and reserved 
instructions 

BPT instruction and T bit 
lOT instruction 
Power-fail 
EMT instruction 
TRAP instruction 


Console terminal, input 
Console terminal, output 


External event line interrupt 
clock 


114 

Memory system errors 

120 

XY plotter 

124 

DR11-B DMA interface: 


(DA11-B) 

130 

AD01, A/D subsystem 

134 

AFCI 1, analog subsystem 

140 

AAII, display 

144 

AA11, light pen 

150 


154 


160 

RL11 

164 


170 

User reserved 

174 

User reserved 

200 

LP11/LS11, line printer; 


LAI 80 

204 

RS04/RF11, fixed head disk 


DRV11-B 


RLV11 


LAV11,LPV11 
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Vector 

210 


UNIBUS 


RC11, disk 

TCII.DECtape 
RK11, disk 
TU16/TM11/TS03, magnetic 
tape 

CD11-CM11-CR11, card 
reader 

UDC11, digital control 
subsystem 

PIRQ, program interrupt 
request (11/45) 

Floating-point error 
Memory management 
RP04/RP1 1 disk pack 
TA11, cassette 
RX11, floppy disk 
User reserved 
User reserved 
(Start of floating vectors) 


230 


234 


240 


LSM1 Bus 


RKV11 


FIS (optional) 


RXV11. RXV21 


User reserved 


ADVII-A 


777 


User reserved 


(End of floating vectors) I 
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on the LSI-11 bus are the same as UNIBUS devices, uini 
are used to explain the ranking sequence. 

The fioating address -nven^n used tor co—^ 

other devices that interface with the PDP-llser^^^^^^^^ 

addresses sequentially star mg a^^ 6°^ UNIBUS conven- 

a™ ip,,, J a* conalatlnp P< 18 Hi., (7>« XXX, rath- 
er than 16 bits (1XX XXX). 

Floating addresses are assigned in the following sequence: 



DEVICE ADDRESSES 



Address 

777 776 
777 774 
777 772 
777 770 


777 720 


UNIBUS 

Processor status word (PS) 

Stack limit 
Program interrupt request (PIRQ) 


DIGITAL reserved 
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DEVICE ADDRESSES (Cont.) 


Address 


777 716 


777 710 
777 707 
777 706 
777 705 
777 704 
777 703 
777 702 
777 701 
777 700 
777 676 


777 600 
777 576 
777 574 
777 572 
777 570 
777 566 
777 564 
777 562 
777 560 
777 556 
777 554 
777 552 
777 550 
777 546 

777 544 


777 530 
777 526 


} 


) 


UNIBUS 


CPU Registers 


R7(PC) . 
R6 (SP) 

R5 
R4 
R3 
R2 
R1 
RO 


LSM1 Bus 


I 


General 

Registers 


Memory management 


(SR2) 

Memory mgt status register (SRI) 

(SRO) 

Console switch and display register 
(XBUF) 

Console 
Terminal 


(XCSR) 

(RBUF) 

(RCSR) 


i swi 

} 


PC11/PR11 
KW11-L, DL11-W 


y XY11 


Unassigned 


I Console 
j Terminal 


(LTC)KPVII 

BDV11 
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DEVICE ADDRESSES (Cont.) 


Address 


777 524 
777 522 
777 520 
777 516 
777 514 
777 512 
777 510 
777 506 


777 500 
777 476 


777 460 
777 456 


777 440 
777 436 
777 434 
777 432 
777 430 
777 426 
777 424 
777 422 
777 420 
777 416 


777 400 


UNIBUS 


} 

} 


1 


Unassigned 

LAI 80, LP11 
LS11,LV11 


TA11 


RF11 


RC11 


Dili, bus switch 


RK11 


LSM1 Bus 


BDV11 


^ LAV11,LPV11 


#8 

#7 

#6 

#5 

#4 

#3 

#2 

#1 


^ RKV11 
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DEVICE ADDRESSES (Cont.) 


Address 


777 376 


777 360 
777 356 


777 340 
777 336 


UNIBUS 


DC14-D 


TC11 


LSI-11 Bus 


KEII-A, EAE#2 


777 320 
777 316 
777 314 
777 312 
777 310 
777 306 
777 304 
777 302 
777 300 
777 276 


V 


► 


KE11-A, EAE#1 


arithmetic shift 
logical shift 
normalize 

step count/status register 
multiply 

multiplier quotient 

accumulator 

divide 


DIGITAL reserved 


777 200 
777176 
777 174 
777172 
777170 
777 166 
777164 
777 162 
777 160 


}. 


RX11 

-RX11- 


CR11,CM11, 

CD11 



RXV11 

RXV11,RXV21 
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DEVICE ADDRESSES (Cent.) 


Address 


UNIBUS 


LSI-11 Bus 


777 156 


DIGITAL reserved 


777 000 
776 776 


776 770 
776 766 


776 750 
776 746 


776 740 
776 736 


776 700 
776 676 


177530 

177526 

177524 

177522 

177520 

177516 

177514 

177512 

177510 


AD01 


AA11#1 


Unassigned 


RP11 


DL11-A,-B 
#4-#16 


DL11-A,-B,#3 


DL11-A,-B#2 


This area 
reserved for 16 
serial line units 
without modem 
control capability 
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DEVICE ADDRESSES (Cent.) 


Address 

UNIBUS 

177506 

177504 

177502 

177500 

|dlii-a,-b, #1 



776 476 


776 400 
776 376 


776 200 
776 176 


775 660 
775 656 
775 654 
775 652 
775 650 
775 646 
775 644 
775 642 
775 640 
775 636 
775 634 
775 632 
775 630 

775 626 

776 624 
775 622 
775 620 


-7 


AA11 


DX11 


#6-#31 


#5 


#4 


#3 


#2 


#5 


#2 


DL11-C,-D,-E 


LSI-11 Bus 

n 


u 

A 


This area 
reserved for 31 
serial line units 
with modem 
control capability 


V 
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DEVICE ADDRESSES (Cent.) 
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DEVICE ADDRESSES (Cont.) 



773 700 
773 676 


773 400 
773 376 


773 300 
773 276 

773 200 
773 176 

773 100 
773 076 

773 000 




M792 diode ROM 


BM792-YH cassette 


BM792-YCcard 


MR11-DB 


BM792-YB dIsk/DECtape 


BM792-YA paper tape 


REV11,BDV11 

MRV11-AA 

256-word ROM 
space 
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DEVICE ADDRESSES (Cont.) 


Address 


772 776 


772 700 
772 676 


772 600 
772 576 
772 574 
772 572 
772 570 
772 566 





772 560 
772 556 


} 


772 550 
772 546 
772 544 
772 542 
772 540 
772 536 
772 534 
772 532 
772 530 
772 526 
772 524 
772 522 
772 520 


} 



UNIBUS 


LSI-11 Bus 


PA611 typeset punch 


PA611 typeset reader 


AFC 11 


DIGITAL reserved 


DIGITAL reserved 


KW11-P 


TM11 
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DEVICE ADDRESSES (Cont.) 


Address 


UNIBUS 


LSM1 Bus 


772 516 

772 514 


772 500 
772 456 


772 450 
772 446 


772 440 
772 436 
772 434 
772 432 
772 430 
772 426 
772 424 
772.422 
772 420 
772 416 
772 414 
772 412 
772 410 
772 406 


772 400 
772 376 


772 200 


A 


Memory mgt status register (SR3) 

OST 

DR11-B,#3 

TJU16 


DR11-B,#2 


DIGITAL reserved 


DR11-B,-C,#1 


KW11-W 


Memory management 


DRV11-B, #3 


DRV11-B, #2 


DRV11-B,#1 
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DEVICE ADDRESSES (Cont.) 
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DEVICE ADDRESSES (Cont.) 


Address 


UNIBUS 


LSI-11 Bus 


LPS11 


770 424 
770 422 
770 420 
770 416 


770 404 
770 402 
770 400 
770 376 


770 000 
767 776 
767 774 
767 772 
767 770 
767 766 
767 764 
767 762 
767 760 
767 756 
767 754 
767 752 
767 750 
767 746 


776 000 


AR11,LPS11 


DIGITAL reserved 


DR11-C,#1 

DR11-C,#2 

DR11-C,#3 


} 

} 


KWV11-A 


ADV11-A 


User 

Reserved 

Area 


DRV11,#1 


} 

) 


DRV11,#2 


DRV11,#3 


User 

Reserved 

Area 

t 
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DEVICE ADDRESSES (Cont.) 
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LSM1 BUS SIGNALS 

MnnULE CONTACT FINGER DESIGNATION 

SgiTAL interface modules all use the same contact finger (P'") 

Tho I <?i 11 I/O bus is based on the use of double 

Sht moduL: These modules plug into a 2.slot 
rnntflinino 36 lines per slot (18 each on component and solder sides of 
mT c rcurboardV A^^^^^^ the LSI-11 processor module and core 
memory modules are quad-height modules that plug into four c^inec- 
mr Tiols ^nW two slots (A and B) are used for interface purposes on 
the processor module. Etched circuit i^mpers on " 

of the module maintain continuity of grant signals BIAKI L to BIAKU u 
anrBSMGI L to BDMGO L. These daisy-chained signals are de- 

scribed later. 

Slots shown as Row A and Row B in Figure 1, include a numeric 
Idanmar lor the aide of the meddle. The 

Side “1” and the solder side is designated side 2. Letters ranging 
from A through V (excluding G, I. O, Q) identify a particular pm on 
side of a slot. Hence, a typical pin is designated as. 


Slot (Row) 
Identifier 
“Slot B" 


BE2 


Pin Identifier 
“Pin E” 


Module-Side Identifier 
“solder side” 


Note that the positioning notch between the two rows of P*"® ^®'®® 
«nh a ptotruaidh Oh the coenector block lor correct module poaihon. 

ing. 

Quad-height modules are similarly pin numbered. They are identified 
in Figure 2. 

Individual connector pins, viewed from the underside (wiring side) of a 

bS locaton (U slots) are shown in detail. This pattern of pins s , 
repeated eight times on the H9270 backplane, allowing the user to 
[nstan one ?S-11 microcomputer module (four slots) and up to six | 
additional 2-slot modules. 
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Figure 2 Quad Module Contact Finger Identification 
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Figure 3 LSI-11 Backplane Module Pin Identification 


HO^yo'^ackplane pin assignments are listed and described in Table 1. 

iJd. However. 

D respectively. Table 2 alphanumerically lists the LSI-11 bus p 
assignments. 


Table 1 Backplane 


Bus 

Pins 

Mnemonic 

AA1 

AB1 

BIRQ5 L 
BIRQ6 L 

AC1 

ADI 

BDAL16 

BDAL17 

AE1 

API 

AH1 

SSPARE1 

SSPARE2 

SSPARE3 

AJ1 

GND 

AK1 

AL1 

msparea 

msparea 


Pin Assignments 
Description 

Interrupt Request 
priority level 5 
Interrupt Request 
priority level 6 

Extended address bits. 

Special Spare (not assigned, 
not bused; available for user 
Interconnections). 

Ground—system signal 
ground and dc return. 

Maintenance Spare—normally 
connected together on the 
backplane at each option loca¬ 
tion (not bussed connection). 
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AMI gnd 

AN1 BDMRL 


AP1 BHALT L 


AR1 BREFL 


Ground—system signal 
ground and do return. 

Direct Memory Access (DMA) 
Request—a device asserts this 
signal to request bus master¬ 
ship. The processor arbitrates 
bus mastership between itself 
and all DMA devices on the 
bus. If the processor is not the 
bus master (it has completed a 
bus cycle and BSYNC L is not 
being asser.s?J by the proces¬ 
sor), it grants bus mastership 
to the requesting device by as¬ 
serting BDMGO L. The device 
responds by negating BDMR L 
and asserting BSACK L. 

Processor Halt—when BHALT 
L is asserted,the processor re¬ 
sponds by halting normal pro¬ 
gram execution. External 
interrupts are ignored but 
memory refresh interrupts 
(enabled if W4 on the proces¬ 
sor module is removed) and 
DMA request/grant se¬ 
quences are enabled. When In 
the halt state, the processor 
executes the ODT microcode 
and the console device opera¬ 
tion is invoked. 

Memory Refresh—asserted by 
a processor microcode-gener¬ 
ated refresh interrupt se¬ 
quence (when enabled) or by 
an external device. This signal 
forces all dynamic MOS mem¬ 
ory units to be activated for 
each BSYNC L/BDIN L bus 
transaction. 
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AS1 +■•26 


AT1 GI^I3 


AU1 PSPARE1 


AVI +5B 


BA1 BDCOKH 


BB1 BPOKH 


BC1 SSPARE4 
BD1 SSPARE5 
BE1 SSPARE6 
BF1 SSPARE7 
BHI SSPARE8 


CAUTION 

The user must avoid multiple 
DMA data transfers (burst or 
“hog” mode) during a proces¬ 
sor-generated refresh opera¬ 
tion so that a complete refresh 
cycle can occur once every 16 
ms. 

-t-l2V Battery 
Power—secondary +12V 
power connection. Battery 
power can be used with cer¬ 
tain devices. 

Ground—system signal 
ground and dc return. 

Spare (not assigned, customer 
usage not recommended). 

-t-5V Battery 
Power—secondary +5V 
power connection. Battery 
power can be used with cer¬ 
tain devices. 

DC Power OK—power supply¬ 
generated signal that is assert¬ 
ed when there is sufficient dc 
voltage available to sustain re¬ 
liable system operation. 

Power OK—asserted by the 
power supply when primary 
power is normal. When negat¬ 
ed during processor opera¬ 
tion, a power-fail trap se¬ 
quence is initiated. 

Special Spare (not assigned, 
not bused; available for user 
interconnections). 
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BJ1 

GND 

Ground—system signal 
ground and dc return. 

BK1 

BL1 

MSPAREB 

mspareb 

Maintenance Spare— 
normally connected together 
on the backplane at each op¬ 
tion location (not a bused 
connection). 

BM1 

GND 

Ground—system signal 
ground and dc return. 

BN1 

BSACK L 

This signal Is asserted by a 
DMA device in response to the 


BP1 


BIRQ7 L 


procsssor’s BDMGO L siQnal, 
indicating that the DMA device 
is bus master. 

Interrupt request priority 
level 7 


BR1 

BEVNT L 

BS1 

PSPARE4 

BT1 

GND 

BU1 

PSPARE2 

BV1 

+5 

AA2 

+5 

AB2 

-12 


External Event Interrupt Re¬ 
quest—when asserted, the 
processor responds (if PS bit 
7 is 0) by entering a service 
routine via vector address 
lOOg. A typical use of this sig¬ 
nal is a line-time clock inter¬ 
rupt. 

Spare (not assigned; customer 
usage not recommended). 

Ground—system signal 
ground and dc return. 

Spare (not assigned; customer 
usage not recommended). 

+5V Power—normal -^5 Vdc 
system power. 

-I-5V Power—normal -i-5 Vdc 
system power. 

-12V Power 12 Vdc (op¬ 
tional) power for devices re¬ 
quiring this voltage. 
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AC2 

AD2 

AE2 


GND 
+ 12 

BDOUT L 


/\P2 BRPLY L 


AH2 BDINL 


NOTE 

LSI-11 modules which require 
negative voltages contain an 
inverter circuit (on each mod¬ 
ule) which generates the re¬ 
quired voltage(s); hence, -12 
V power is not required with 
DIGITAL-supplied options. 

Ground—system signal 
ground and dc return. 

+12V Power—Hi2 Vdc sys¬ 
tem power. 

Data Output—BDOUT, when 

asserted, implies that valid da¬ 
ta is available on BDALO-15 L 
and that an output transfer, 
with respect to the bus master 
device, is taking place. 

BDOUT L is deskewed with re¬ 
spect to data on the bus. The 
slave device responding to the 
BDOUT L signal must assert 
BRPLY L to complete the 
transfer. 

Reply—BRPLY L is asserted in 
response to BDIN L or BDOUT 
L and during lAK transactions. 

It is generated by a slave de¬ 
vice to indicate that it has 
placed its data on the BDAL 
bus or that is has accepted 
output data from the bus. 

Data Input—BDIN L is used for 
two types of bus operation: 

1. When asserted during 
BSYNC L time, BDIN L im- 
piies an input transfer with 
respect to the current bus 
master, and requires a re- 
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bsync l 


bwtbt l 


BIRQ4 L 


sponse (BRPLY L). BDIN 
L is asserted when the 
master device is ready to 
accept data from a slave 
device. 

2. When asserted without 
BSYNC L, it indicates that 
an interrupt operation is 
occurring. 

The master device must de- 
skew input data from BRPLY 

Synchronize—BSYNC L is as¬ 
serted by the bus master de¬ 
vice to indicate that it has 
placed an address on BDALO- 
17 L. The transfer is in process 
until BSYNC L is negated. 

Write/Byte—BWTBT L is used 
in two ways to control the bus 
cycle: 

1 - It is asserted during the 

leading edge of BSYNC L 
to indicate that an output 
sequence is to follow (DA- 
TOor DATOB), rather 
than an input sequence. 

2. It is asserted during 
BDOUT L, in a DATOB 
bus cycle, for byte ad¬ 
dressing. 

Interrupt Request—A device 
asserts this signal when its in¬ 
terrupt enable and interrupt 
request flip-flops are set. If the 
processor’s PS word bit 7 is 0, 
the processor responds by ac¬ 
knowledging the request by 
asserting BDIN L and BIAKO 










AM2 

AN2 


AP2 


AR2 

AS2 
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BIAKI L 
BIAKO L 


BBS7L 


BDMGI L 
BDMGO L 


Interrupt Acknowledge Input 
and Interrupt Acknowledge 
Output—this is an interrupt 
acknowiedge signai which is 
generated by the processor m 
response to an interrupt re¬ 
quest (BIRQ L). The processor 
asserts BiAKO L, which is 
routed to the BIAKi L pin of the 

first device on the bus. If it is 
requesting an interrupt, it wiil 
inhibit passing BiAKO L. If it is 
not asserting BIRQ L, the de¬ 
vice will pass BIAKI L to the 

next (lower priority) device via 
its BIAKO L pin and the lower f 
priority device’s BIAKI L pin. 

Bank 7 Seiect—The bus mas¬ 
ter asserts BBS7 L when an I 

address in the upper 4K word 
bank is piaced on the bus. 

BSYNC L is then asserted and 
BBS7 L remains active for the 

duration of the addressing 
portion of the bus cycle. 

DMA Grant Input and DMA 

Grant Output—This is the I 

processor-generated daisy- , 

chained signal which grants | 

bus mastership to the highest i 

priority DMA device aiong the 
bus. The processor generates 
BDMGO L, which is routed to 

the BDMGI L pin of the first j 

device on the bus. if it is re¬ 
questing the bus, it wiil Inhibit 
passing BDMGO L. If it is not 
requesting the bus, it wiii pass 
the BDMGI L signal to the next 
(lower priority) device via its 
BDMGO L pin. The device as- 
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at2 binit l 


AU2 bdalo l 

AV2 BDALIL 


BA2 +5 

I BB2 -12 


BC2 GND 


serting BDMR L Is the device 
requesting the bus, and it re¬ 
sponds to the BDMGI L signal 
by negating BDMR, asserting 
BSACK L, assuming bus mas¬ 
tership, and executing the re¬ 
quired bus cycie. 

CAUTION 

DMA device transfers must be 
singie transfers and must not 
interfere with the memory 
refresh cycle. 

Initialize-BINIT L is asserted 
by the processor to initiaiize or 
clear all devices connected to 
the i/0 bus. The signal is gen¬ 
erated in response to a power- 
up condition (the negated con¬ 
dition of BDCOK H). 

Data/Address Lines—These 
two lines are part of the da¬ 
ta/address bus over which ad¬ 
dress and data information are 
communicated. Address infor¬ 
mation is first piaced on the 
bus by the bus master device. 
The same device then either 
receives input data from, or 
outputs data to, the addressed 
slave device or memory over 
the same bus lines. 

+5V Power—normal +5 Vdc 
system power. 


-12V Power- 12 Vdc (op¬ 

tional) power for devices re¬ 
quiring this voitage. 

Ground—system signal 
ground and dc return. 
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BD2 


BE2 

BF2 

BH2 

BJ2 

BK2 

BL2 

BM2 

BN2 

BP2 

BR2 

BS2 

BT2 

BU2 

BV2 
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+ 12 

BDAL2 L 
BDAL3 L 
BDAL4 L 
BDAL5 L 
BDAL6 L 
BDAL7 L 
BDAL8 L 
BDAL9 L 
BDAL10L 
BDALII L 

BDAL12L 
BDAL13L 
BDAL14 L 
BDAL15L 


+12V Power—t-12 Vdc sys¬ 
tem power. 

Data/Address Lines—These 
14 lines are part of the da¬ 
ta/address bus previously de- 
scribed. 
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nomenclature for 

CIRCUIT SCHEMATICS 


BASIC SIGNAL NAMES 

to the asserted Srtr(the"?ue'ste^e) of the s^ ';efe''enc€ 

reference to the negated state ^thp fai ^ NOT sign Indicates 

onginating from flip-flops do not use th“ nS?!"' '?* 

~-oiir‘Td“s 

fhY«arealsoMhS^^^^^ 

PO^lRiTyTl' T “ ‘ '< ‘‘ 0 Of 

means +3V; L means gTound.'"^^'*^^*® signal; H 

For example, the signal 
D5 TX done H 


trullSslignanstt UV'" “-^en TX DONE 


names represent a bSrSionri SoRed bi!is'*T*°'' 
sources for a particular bus signal exfst. ^ ^ ^ 


flip-flop signal names 

Flip-flop signal names add an pytro hs^ 

have only two outputs, four signal namefTa «'P-flo| 

two real outputs are RX DONE?i) H on nin t V- Tt 

OONe ,0, . IS elec,deaCnlras1,To^J - H a"- 
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the signal RX DONE (0) L is read 
(holding a zero), this signal is at ground. 


J. 




-^l 


0 



F/F 

C 

>5— I 

5 

6 





1 


Figure 1 Flip-Fiop Signal Names 
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SERIAL LINE UNIT 
(SLU) COMPARISONS 

The characteristics iisted in Tables 1 9 ^ 

different members of the DLV 11 (LSI \ ^ ^ compare the 

DLVU-KA module (one oer oortt ^ 

mA current loop intertace ^ accommodate the 1 10 baud. 20 

DLV11-E 

This module is functionally equivalent to the ni 11 c 
programmable baud rates This moWni except that it has 

!.« M modem “mroi “ Wd that 

dlvii-f 

This module Is functionally equivalent to the ni 1 -1 c » 
programmable baud rates This mnrtnie *-^^‘^®’‘ceptthat it has 
DLVIl. ” ® module will eventually replace the 

dzviiIb 

a7p;ro,t r- 

patib,% ,a 

mxvii-a 

0-pompatlbla, dam ma"?o„w ThTMxvT '’aIJ.T' 
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Unibus 
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cable is required to implement this function. 










LSI-11 bus 
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COMPARISON OF DATA 

transmission techniques 

siPssss 

ana^curren, loopa) a,e gppP ,o, piatanoea 'butane da^f 
tbaf '"at 'ba axes are logarithmic and 

eTi~=F--“ 

Vice used to do thP ‘echntque and of the DIGITAL de- 

^ interconnection. As an example look at thp aoo 

e“ sird Kg^olr"’ “ aa^'abX 

S 422, but the maximum data rate of 1920 «/nrHc r>Qr 
Tss’^Kbaur'' DLVII-J Which 

c’'an"'L’„«dlThT.ch'? "a'""" 

no E« RT«r“°" "ta'a is 
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I 



Figure 1 Data Rate vs Distance with DIGITAL Devices 


Table 1 Communication Techniques 


LSI-11 


UNIBUS 


Loop 

EIA (RS-232C) 
ElAwith Modem 
RS422, RS423 
PLU 
DMA 


DLV11 

DLV11 

DLV11-E 

DLV11-J 

DRV11 

DRV11-B 


DL11-C 

DL11-D 

DL11-E 

DR11-C 

DR11-B 
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notes and assumptions for figure 1 


2 . 


b. 


c. 


3. 


Data Rate Definition 
a. One word equals 16 bits. 

Asynchronous s,,,a, 

Serial Line Maximum Data Rate 

a. Modems were limited to 120 words/ser tPzinn u 

modems with higher rates cost more than lsTi i 
usually warrant HinhorHo.o . °'® man LSI -11 systems 

synchronous rather than asynchronous*'''®'"® generally 
480 words/sec is equal to 9600 baud, the limit of the DLV 11 

SLU. ®giJal to 38.4 baud, the limit of DLV11-J 

PLU (Parallel Line Unit) Limits 

a. The TTL inputs/oulputs of the Dmt 1 ,he dia«„e, ,5 
maximum ImhteToK '"“™P'-«"“an servlcinp, the 

.stencyanOaorraerrn^^Z^^^^^^^ 

DMA (Direct Memory Access) Limits 

Itate''ddvers'l®d';eSiver®s'' T^Vt tri- 

With TTL aevioes ,ltreThrDR„'|.'"''""“ " 

500K word^^s^m*burs^mod^ limited to 

memories (MSV11-CD or MSV11-D) Linate t^roC"" 


b. 
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integrated circuits 


Bus Receivers and Bus Drivers ,jbie drivers and receivers 

The equivalent circuits of ’ and driver functions, 

are shown in Figure 1 J° P monolithic integrated circuits 

Digital ?n Table 1 A typical bus driver circuit is 

rte?».M8e40rbuTr;,!8l8ra.. .„s«a.sc..e,s ,864,, .4 
sh^n ” Fi 9 b..s 3. 4. and 6, ,«»a«.valv 


R1 = 120K MIN 
R2 = 20K.MIN 
Cl = 10 pF MAX 


OUT - 



transmitter OFF (LOGICAL 0) 
R3 = 120K.MIN 
C2 = lOpF MAX 
transmitter on (LOGICAL 1) 
R3 = 11 OHMS. MAX 
C2 = 10 pF MAX 


Figure 1 Bus Driver and Receiver Equivalent Circuits 


♦ 5V 



Figure 2 Typical Bus Driver Circuit 
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_ CP-i27l 

Figure 3 8640 Quad 2-Input NOR Gate 

(Bus Receiver) 

^'cc 

A ^ ’2 1, ,0 9 

-Q f"! n n n n 


k 2 J 


PTXrtrtrCrrr 


Figure 4 


8881 Quad 2-Input NAND Ga 
(Bus Driver) 


BUS 1—1 
DATA in 1 —i. 
data out 1—1. 
BUS 2-1- 
DATA in 2—1. 

DATA OUT 2_1 

ENABLE A—L 
GROUND—1 


-vcc 

-BUS 4 

-data in 4 
-data Out 4 
-BUS 3 
-DATA IN 3 

10 

-DATA OUT 3 

enable B 



Figure 5 


8641 Quad Unified Bus Transceiv 
(Bus Receiver/Dtiver) 
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appendix F 


Table 1 


LSI-11 Bus Driver, Receiver, Transceiver 
Characteristics 



Characteristic 

Input high voltage 
Input low voltage 

(8641) Input current at 3.8 V 

Input current at 0 V 
Output high voltage 
Output high current 
Output low voltage 
Output low current 
Propagation delay to 
high state 

Propagation delay to 
low state 

Driver Input high voltage 

(8881) Input low voltage 

(8641) Input high current 

Input low current 
Output low voltage 
70 mA sink 
Output high leakage 
current at 3.5 V 
Propagation delay to 
low state 

Propagation delay to 
high state 

notes 

1 This is a critical parameter for use on the I/O bus. 
All other parameters are shown for reference only_ 

2 This is equivalent to being capable of driving 16 
^ Init loads of standard 7400 series TTL integrated 

3. Current flow is defined as positive if irtto the termi- 

4 Conditions of load are 390 S2 to + 5 V and 1.6 kfl 
in parallel with 15 pF to ground for 10 ns min and 
50 dF for 35 ns max. 

5. Times are measured from 1.5 V leve on mpu 
1 5 V level on output. 

6. This IS equivalent to 1.25 standard TTL unit load- 
ing of input. 


TPDL 

VlH 

V|L 

l|H 

l|L 

Vql 

Iqh 

TPDL 

TPDH 


Specifications 

Notes 

1.7 V min 


1.3 V max 

1 

80 /liA max 

1,3 

10 mA max 

1.3 

2.4 V min 

2 

(16 TTL loads) 

2,3 

0.4 V max 

2 

(16 TTL loads) 

2.3 

10 ns min 

4. 5 

35 ns max 


10 ns min 

1,5 

35 ns max 


2.0 V min 


0.8 V max 


60 mA max 

6 

-2.0 mA max 

6 

0.8 V max 

1 

25 mA max 

1,3 

25 ns max 

1,5 

35 ns max 

1.5 


.e=ei.ers and dnvera f as 

rScal »“V:Sa .ingers PJag in.o n S 

(capacitance). 
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CABLING SUMMARY 


listed riiT^'fhVHSM''Jn? HSSe'?®*'' 

ure 1. connectors are shown in Fig- 



F'gure 1 J1 or J2 Connector Pin Locations 
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appendix G 


Function 


Module Type 


Cable Recommendations 


Serial |/0-Asynchronous 

20 MA 

ElA RS-232C 
Data only 
(DLV11-J is also 
RS422/423) 

ElA RS-232C 
with Modem Control 

I Serial I/O-Synchronous 

ElA RS-232C 
with Modem Control 


DLV11-F 1-Line 
I DLVII-J 4-Line 

DLV11-F 1-Line 
DLV11-J 4-Line 

mxvii-a 

DLVII-E 1-Line 
DZVII- B 4-Line MUX 

DUVII-DA 1-Line 


I Digital I/O 

Programmed Transfer 

DM A Transfer 

[ Analog I/O 
A/D 
D/A 


DRV1116 in/16 out 
PR VII-B 16 in/16 out 

ADVII-A 16 channel 
AAV11-A 4 channel 


I Mass Storage 
Tape Cartridge 
Double Density Floppy 
Diskette 
Hard Disk 

m9273 Backplane Reg d^ 

Note : M-Connects to a Modem 
U-User end unterminated 


TU58-BB 

RXV21-BA 

rlvii-ak 


BC05M-2C 
DLVII-KA (1 per line) 

BC01V-25 (M) 

BC21B-05 (M) 

Qr 1 per line 

1 BC20N-05 (T) 

BC01V-25 (M) 

Cable included 


BC05C-25 (M) 


BC07D-15(U) 
2 ea or 

BC08R-1 2(B) 

I BC07D-15(U) 
BC08R-12(B) 


BC20N-05 plus a 
Serial Modem (M) cable j 
Includes cable 
Includes cable 


B-UseI'lnd^^rm'ina\ed pin Berg Connector 
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